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INTRODUCTION 
The need for in formation about floods · on small  
streams in  South Dakota has long been recogn i z ed . For 
example , the magnitude and frequency of  flood flows need 
to be considered in the des ign of highway structures such 
as bridges and culverts , in land-use planning , in 
establ ishing rates for flood insurance , in formulating 
emergency evacuation plans for · flood-prone areas , and 
other planning aspects . In many instances , the proj ect 
sites may be at locations where very l imited flood · or . 
hydrologic data are available . Consequently , methods of 
flood . prediction for these ungaged drainage bas ins . have 
been developed . The earl iest methods for est imating peak 
flow used empirical formulas that .itrvolved various phys i­
ographic characteristics of the drainage bas in . ·Today , 
unit hydrograph , flood routing , and flood frequency 
analyses are used whenever possible to predict flood 
flows .  The empirical procedures remain in wide use where 
adequate data is not available for the more rel iable 
methods . 
The method selected to determine peak flows and t
.
heir 
frequencies . depends- on the following factors : 
1 .  ·The desired obj ect� ve . 
2 .  The available data . 
2 
3 .  The area and characteristics of the watershed . 
4 .  The importance of the proj ect and time available 
for analysis . 
A basic consideration in the design o f  bridges and 
culverts i s  the estimation of  the rate o f  runof f  expected 
_ during peak flow periods . The most widely used methods for 
determining the rate of runoff have been e ither a hydro� 
graph synthes i s  approach using rainfall -runo f� models , or 
empirical equat ions relating hydrocl imati c  and physio­
graphic propert ies to the peak flow with a selected return 
period . S ince the peak flow alone � s  required for the 
.. 
des ign o f  most minor highway drainage structures ,  only the 
empirical methods have been considered - in this. study . 
3 
BACKGROUND INFORMATION 
Several flood-peak estimating techniques are avail-
able for use by engineers . All the estimating tech-
niques are restricted to certain ranges of  drainage area , 
slope of  the main channel or bas in , andjor hydrophys io-
graphic zones of  the United States . Some currently used 
methods are the Rational method , Soil Conservation Service 
method ( Soil-Cover Complex method ) , Becker ' s  method 
(proposed by the local u . s . Geological Survey in South 
Dakota ) , and the Federal Highway Administrati on ( FHWA) 
methods . 
An evaluation of  some of these metnods was conducted 
by FHWA in 19 7 7  ( 4 ) . Contact was made with at least one 
hydrologic engineer from each state . As a general . rule , 
these individual s  were very cooper�tive and . candid. The 
result of  the evaluati9n may be ·summariz ed as fol l ows: 
1 .  The most common and universally used method was some 
form of  the Rational method . This was used fo' r  drain-
age areas smaller than 2 00 acres ( 0 . 3 12 5  square miles ) 
in most states . 
2 .  By far the most widely used forecast methods , for 
drainage 
6 4 0 0 0  
areas larger than 2 0 0  acres but smal ler than 
ac�es , -were those proposed by the local u.s. 
Geologi�al survey units such as South Dakota ( Becker . . 
197 4 ) . In general , the participitating states would 
4 
prefer more computational aids such as those by Becker 
( graphical chart or nomograph ) , enabl ing proj ect engi­
neers to make field checks i f  questions arise . 
3 .  Hydrologic eng ineers in two states used some o f  the old 
storm sewer formulas for watersheds of all sizes . 
In contrast , 15  states have multiple methods which 
they use to dupl icate each flood des ign estimate . They 
adopted the result which seemed most logical , · based on 
engineering j udgment . 
4 .  No engineer was completely satisfied with the method 
or methods they were using and most personnel expressed 
a des ire for improvement . 
5. No engineer was completely satis fied with existing 
· methods . Many engineers bel ieve current methods . either 
over- or under-estimated the discharge· or were too 
complex . 
Some o f  the above-mentioned methods are q iscussed in 
the following sections . There is a l ist o f . symbols in 
Appendix A for readers to use when reading through the 
following sections . A glossary , which may be helpful to 
the reader , was placed after the l ist of references . 
Rational Method 
The · � ational lllethod for estimating peak runoff  rates 
was . introduced in the Un ited states by Emi l  Kuichl ing in 
5 
18 8 9  ( 1 3 ) .  S ince then it has become the most wide ly used 
method for designing drainage facilities for small  urban 
areas and highways . Peak flow is found from 
Qp = CIA -----------------------------�--------- [ 1 ]  
where Qp = the peak runof f  rate , in cubic feet per second , 
c = coefficient of  runoff based on type and 
character of surface , see Table 1 ,  
I = average rainfall intensity , for the period of 
maximum rainfall of a given frequency of 
occurrence , having a duration. equal to the time 
required for the entire drainage area to 
contribute flow ,  in inches per hour , 
A = drainage area , in acres . 
The runoff  coefficient can be assumed to be 
dimens ionless , because 1 . 008  acre- in . jhr i s  equivalent to 
1 . 0  ft3js . Typical c values - fo r storms of  5- to 10 -year 
return periods are provided in Table 1 .  
The equation is also written in this form : 
Qp = 6 4 0  CIA ---------------------------------- [ 2 ]  
where Qp is expressed in cubic feet per second , and A is 
in square miles . 
In metric uh its , the Rational formula is : 
Qp = 6 . 2 7 8  CIA -�---�------�-----------�--------- [ 3 ]  
where Qp_ i s  in cub ic meters per second , I is  in mil l ime-
ters per hour , and A is in square kilometers . 
The rationale for th� method l ies in the concept that 
Table 1. Average Runoff Coefficients for the Use in 
the Rational Equation 
Description of Area 
Business-Dow ntow n 
Neighborhood 
Residential 
Single-family 
Multiunits, detached 
Multiunits, attached 
Residential (suburban} 
Apartment 
Industrial 
Light 
Heavy 
Parks, cemeteries 
Playgrounds 
Railroad yard 
Unimproved 
Character of Surface 
Pavement 
Asphaltic and concrete 
Brick 
Roofs 
Lawns, sandy soil 
Flat, 2 percent 
Average, 2 to 7 percent 
Steep, 7 percent 
Lawns, heavy soil 
Flat, 2 percent 
Average, 2 to 7 percent 
Steep, 7 percent 
Runoff Coefficients 
0.70 to 0.95 
0.50 to 0.70 
0.30 to 0.50 
0.40 to 0.60 
0.60 to 0.75 
0.25 to 0.40 
0.50 to 0.70 
0.50 to 0.80 
· 0.60 to 0.90 
0.1 0 to 0.25 
0.20 to 0.35 
0.20 to 0.35 
0.1 0 to· 0.30 
Runoff Coefficients 
0.70 to 0.95 
0.70 to 0.85 
0.75 to 0.95 · 
0.05 to 0.1 0 
0.1 0 to 0.1 5 
0.1 5 to 0.20 
0 .. 1 3  to 0.1 7 
0.1 8 to 0.22 
0.25 to0.35 
Source. Design and Construction of Sanitary and Storm Sewers, 
American Society of Civil Engineers, Manuals and Reports on 
Engineering Practice, No. 37, 1969, p. 51. 
6 
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the appl ication of  a steady , uniform rainfall  intensity 
will cause runoff to reach its maximum rate when all parts 
of the watershed are contr ibuting to the outflow at the 
point of des ign . That cond ition is met after the elapsed 
time, tc , the time of  concentration , which usual ly is 
taken as the time for water to flow from the most remote 
part of the watershed . 
Most appl ications of  the Rational method to determine 
peak flow rates util i z e  the following steps : 
1 .  Estimation o f  the time of concentration for the drain-
age area . 
The time o f  concentration of a bas in may be estimated 
from the fol l owing equat ion developed by Kirp ich in 
19 4 0  ( 6 ) . 
0.77- -0.385 tc = 0 . 0 0 7 8  Lm SL ----------------------- [4 ]  
where tc = time o f  concentration ,.minutes , 
Lm = maximum . length _O f · tr avel O f  Wa�e·r I feet I 
SL = slope , equal to H /Lm where H is the di f f er-
ence in elevation between the most remote 
point on the bas in and the outlet , feet . 
2 .  Estimation of  the runoff  coefficient . 
Engineer should use j udgment in selecting the runoff 
coefficient , c. For example , the magnitude . o f  this 
coe ff ici�nt varies � ith factors such as ( a )  the �ature 
of the _ surface , ( b )  surface slope , ( c )  surface st6rage , 
( d )·· degree o f  satur�tion and ( e )  rainfa l l  intens ity . 
8 
usual ly , in selecting values of c from prepared tables , 
the f irst four factors receive primary cons ideration , 
whereas l ittle  attention is paid to the e ffect of 
rainfall intensity . 
3 .  Selection of  a return period Tr and determinat ion of 
the intens ity o f  rain that will  be equalled or 
exceeded , on the average , once every Tr year s . To 
produce equil ibrium flows , this runof f  must have a 
duration equal to tc . The des ired intens ity is  eas ily 
read from a locally derived int�nsity-duration-. 
frequency curve using a ralnfall . duration equal to the 
time of concentration . 
4 .  Determination o f  the 'desired peak . flow; Qp ,  .from 
equations 1 through 3 for the units used . 
Soil -Cover Complex ( Soi l Conservation Service ) Method 
The Soil Conservation Service has devel oped a method 
of computing direct storm runoff from areas w ithout 
streamflow records , but where detailed data on soils and 
vegetative covers are available . The method was developed 
from many records o f  rainfall and runoff and numerous 
combinations of soil�type and vegetative cover { 13 ) . 
The follow ing description was taken from s ection 4 o f  
the Na·tional Engineering . Handbook ( 13 ) . The bas i s  o f  the 
Soil-Cover Complex method is that runoff  equal s  the excess 
9 
precipitation , which is the total precipitation less 
infiltr ation and other losses ( including interception by 
vegetation and depression storage in ponds and lakes ) . 
Soils are ass igned to hydrologic groups i isted in the 
National Engineering Handbook and their definations are 
condensed as follows : 
A .  ( Low runoff  potential ) .  Soils 
rates even when thoroughly 
having high infiltration 
wetted and consisting 
chiefly of  deep , 
gravels . These 
well to excessively drained sands or 
soils have a high _rate of water 
transmission . 
B .  Soils having moderate infiltration rates when thor-
oughly wetted and cons isting chiefly of moder ately .deep 
to deep , moderately well to well drained soils w ith 
moderately fine to moderately boarse textur es . · The se 
soils have a moderate rate of. water transmiss i_on . 
C .  Soils having slow infiltration rates when thoroughly 
wetted and cons isting chiefly of layer s  that· impede 
downward mov�ment of water� or · soil s w ith moderately 
fine to fine texture . These soils have a slow rate of 
water transmiss ion . 
D .  ( High runoff  potential ) .  Soils hav ing very slow infil­
tration rates when thoroughly wetted and cons isting 
chiefly.of clay . soils with a high swell ing potential , 
soils w ith a permanent high water table ,  soils  w ith a 
10 
claypan or clay layer at or near the surface , and 
shallow soils  over nearly impervious material . These 
soils have a very slow rate of water transmis sion . 
Ground cover , soil conditions , and land treatment 
have an effect on infiltration , and when combined , results 
in an ident ification number , cal led a curve number . A 
curve number is assigned to each combination o f · soil and 
cover as given in Table 2 .  
Infiltration i s  the rate that water enters the soil; 
h owever , the abil ity of  the soil to transmit water down­
ward through the surface affects infiltrat1 on . As a storm 
progresses , slow transmission of.the water away from · th� 
surface retards infiltration ( 1 3 ) .  Consequently , infiltr a­
tion is greatest near the beginning of  a storm an� .gr adu­
ally decreases to some steady rate . · It •ay · take several 
days after precipitation cease s  before th� . inf iltr ation 
capacity returns to the prestorm rate , or . antecedent 
condition . The Soil Conservation Service procedure. adjusts 
the identification number for antecedent conditions . 
Condition I is  the lowest l imit of soi l  moisture content 
and the upper l imit of moisture retention by th e soil; 
condition II  is  the average; condition I I I  is the upper 
limit of �oil  m6 istUre content and the lower l imit of  
moisture �etention by the soil . Adjustments for antecedent 
condi� ions are given in �able 3 . 
The Soil�Cover Comp lex meth od was des igned to use 
Table 2. Runoff Curve Numbers for Hydrologic Soil-Cover 
Complexes CAntecedent Moisture Condition I I ,  
and I .  = 0 . 25) 
Cover Hydrologic SoU Group 
Treatment Hydrologic 
Land Use or Practice Condition A 8 c D 
Fallow Straight row 77 86 91 94 
Row crops Straight row Poor 72 81 88 . 91 
Straight row Good 67 78 85 89 
Contoured Poor 70 79 84 88 
Contoured Good 65 75 82 86 
Contoured and terraced Poor 66 74 80 82 
Contoured and terraced Good 62 71 78 81 
Small grain Straight row Poor 65 76 84 88 
Straight row Good 63 75 83 87 
Contoured Poor 63 74 82 85 
Contoured Good 61 73 81 84 
Contoured and terraced Poor 61 72 79 82 
Contoured and terraced Good 59 70 78 81 
Close-seeded Straight row Poor 66 7 7  85 89 
Legumes• or Straight row Good 58 72 81 85 
rotation Contoured · Poor 64 �5 83 85 
meadow Contoured Good· 55 69 78 83 
Contoured and terraced Poor 63 73 so· 83 
Contoured and terraced . Good 51 67 76 80 
Pasture or Poor 68 7 9  86 ,89 
range Fair 49 69 79 84 
Good 39 61 74 80 
Contoured Poor 47 67 81 88 
Contoured Fair 25 59 75 83 
Contoured Good 6 .35 70 79 
Meadow Good 30 58 7'1 78 
Woods Poor 45 66 7 7  83 
Fair 36 60 73 79 
Good 25 55 70 77 
Farmsteads 59 74 82 86 
Roads (dirt)b 72 82 87 89 
(hard surface) b 74 84 90 92 
Source. National EnginHring Handbook, Section 4, Hydrology, Soil Conservation Service, 1971. 
. . b Close-drilled or broadcast. 
Including right-of-Way. 
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Table 3. Curve Numbers and Constants for Antecedent 
Conditions and Initial Abstractions = 0.25 
<Refer to Equation 5 and Figure 1> 
2 3 4 6 2 3 4 5 
Velueof . Value of 
Curve NumbeR PWhen Curve Numbers PWhen 
for Conditions s Runoff for Conditions s Runoff 
Values• Starts• Values• Starts• 
II Ill (mm) (mm) II Ill (mm) (mm) 
100 100 100 0 0 60 40 78 169 33.8 
99 97 100 2.57 0.5 59 39 77 177 35.3 
98 94 99 5.18 1.0 58 38 76 184 36.8 
97 91 99 7.85 1.5 57 "31 75 192 38.4 
96 89 99 10.6 2.0 56 36 75 200 39.9 
95 87 98 13.4 2.8 55 35 74 208 41.6 
94 85 98 16.2 3.3 54 34 73 216 43.2 
93 83 98 19.1 3.8 53 33 72 225 45.0 
92 81 97 22.1 4.3 -52 32 71 234. 47.0 
91 80 97 25.1 5.1 51 31 70 244 48.8 
90 78 96 28·.2 5.6 50 31 70 254 50.8 
89 76 96 31.5 6.4 49 30 69 264 52.8 
88 75 95 34.5 6.9 48 29 68 274 54.9 
87 73 95 37.8 7.6 47 28. 67 287 . 57.4 
86 72 94 41.4 8.4 46 27 66 297 59.4 
85 70 94 44.7 8.9 45 26 65 310 62.0 
84 68 93 48.3 9.6 44 25 64 323 64.5 
83 67 93 52.1 10.4 43 25 63 335 67.1 
82 66 92 55.9 11.2 42 24 62 351 70.1 
81 64 92 59.4 11.9 41 23 61 366 73.2 
80 63 91 63.5 12.7 40 22 60 381 76.2 
79 62 91 67.6 13.5 39 21 59 . 396 ·. 79.2 
78 60 90 71.6 14.2 38 21 58 414 82.8 
77 59 89 76.0 15.2 37. 20 57 432 86.4 .. 
76 58 89 80.3 16.0·. 36 19 56 452 90.4 
75 57 88 84.6 17.0 �5 18" 55 472 94.5. 
74 55 88 89.2 17.8 34 18 54 493 98.6 
73 54 87 94.0 18.8 33 17 53 516 103 
72 53 86 . 98.8 19.8 32 16 52 538 108 
71 52 86 104 20.8 31 16 51 564 113 
70 51 85 109 21.8 30 15 50 592 118 
69 50 84 114 22.9 
68 48 ·84 119 23.9 25 12 43 782 152 
67 47 83 125 •24.9 20 9 37 1016 203 
b6 46 82 131 26.2 15 6 30 .. 1440 288 
65 45 82 137 27.4 10 4 22 2286 457 
64 44 81 143 28.4 5 2 13 4826 965 
63 43 80 149 29.7 0 0 0 infinity infinity 
62 42 79 156 31.2 
61 41 78 162 32.5 
Source. National Ent�in .. r'ing Handbook, Section 4. Hydrology. Soil Conservation Service, 1971. S1 
units by ·author. 
1For Curve numbef in column 1 fCK Condition II 
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available rainfal l data primarily from non-recording 
stations where only daily accumulations are recorded { 13 ) . 
The emp irical rain�all-runoff  relationship is  
(P  - 0 .  2 S )2 
Q = - ---------- ------------------------------------- [ 5 ]  
P + o . as 
where Q = runof f ,  in mill imetres o f  depth over the drain- · 
age area , 
P = total p recip itation , in mil l imetres , 
S = p otential maximum retention of  water by soil , in 
mil l imeters , including the initial abstraction 
( surface storage , ipterception by vegetation .and 
infiltration prior . to run o f f )  which is  assumed 
to be 0 . 2 S millimetres . 
Runo. ff does not begin until rainfall exceeds infiltration . 
The retention S and p recip itation P when runoff  begins are 
listed in Table 3 f or · each curve number . The ·curv e  numbe r 
is a trans formation of  S to· make the curves nearly a 
straight l ine . 
2 54 0 0  
Curve number = [ 6 ]  
s - 2 54 
F igure 1 can be used for rap id solution o f  Equation 5. 
Becke r' s  Method 
� regional flood-frequency analysis , was made for the 
South ·Dakota Dep artment of Transp ortation by L awrence D .  
HI L"'" . : r.i C . ' . , l' J : :'Y 
SG ·::1 0�.:.: :J �- ·� '� ' .. :;;�ity 
f',r •··�� ,.,,- -7-1��� 
20() a I I I I I I I I I I I I I 7 I II' I 71 17 I A I 71 I 7 I 
160 
140 
Curves on this sheet are for the 
case I = 0.2S, so that 
Q = (P- 0.2S)
2 
P+ o.as 
Infiltration 
1 1 1 curve t I I I I A' V I ,4 �£ I A 1/ I Y I .,r I % I I/ I 
� 120 I I I I I I I I I I I -'"' 
� ·e � 1001 I I I I I I I I 
0 c: ::2 � ao I I I I I I I I ,r V I .,4 % V I 74 Y I X "17'1 b'1 I A I 7' I I :Y4 
Q 
aol I I I I 1· ·% �£I A A' Y VI A Y I :7f 171 l�f I :A' I l7f I I 74 
4ol I I I % V 1/IAA:/1' Y �/1.71' :Y"1 7£1 .::174 I ::;of.., I I:A'I I I::A-"4 
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0 20 40 
Rainfall P, millimetrn 
Figure 1. Diagram for the Solution of Equation 5, Which is the Rainfall­
Runoff Relationship for the Soil-Cover Complex Method (8). 
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Becker in 1 9 7 4  ( 1 ) .  This analysis provides a technique for 
estimating flood peaks with recurrence interval s  of as 
much as 1 0 0  years at most ungaged s ites l ocated in 
unregulated drainage bas ins . He developed the following 
flood-frequency equations for the 2 - , 5- , 1 0 - , 2 5 � , so-, 
and 1 0 0-year recurrence interval floods : 
0 . 48 sc0• 4 4  
. -1 . 16 
Q 2 = 2 1 . 2  A S1 --------------�-- [J] 
a so 
Q ioo 
where Q 
= 4 1 . 2 AO . S J sc0 . 4 2  s i
-0 . 9 1 
= 57 . 7  A0 . 56 sc0 . 4 3 s i-0 . 8 0 
= 8 3.4 A0 . 6 0 sc0 . 4 4  s� -0 . 7
2 
= 1 0 6  A0 . 6 3 sC:: 0 . 4 5  S i -0 . 69 
= 1 3 2  A0 . 6 5  sc0 . 4 5  Si -0 . 67 
= peak discharge , in cubic 
-------------�---
. . 
-----------------
---�------------
-----------------
----------------- · 
feet per second , 
t = flood recurrence interval ,  in years , 
( 8] 
[ 9] 
[ 1 0] 
[ 11] 
[ 12] 
A = contributing drainage area upstr eam from site, 
in square miles , 
Sc = main channet slope , . ih feet per mile, and 
S i  = soil-infiltration index , in inches ( shown in 
Figure 2 )  . 
Based on a required equivalence o f  the ungaged s ite 
and the data sample used in Becker ' s  regression analys is , 
some l imitations resulted ( 1 ) . The fol lowing l im�tations , 
l isted in - Becker ' s  pub l ication , are applicable- to the 
estimat ing eqti ati- ons 7 through 12 : 
1 .  The above equations are bas ed on inch-pound units of 
measurement . 
.. �--104. 
1.90. 
. ......._ 
EXPLANATION 
0 100-�ILES ' I .  I I I ' I I i f I . 6 ' 100 KILOMETERS 
SOIL-INFILTRATION INDEX, IN INCHES 
INDEX BOUNDARY .. · :
·
·: 
·� 
Figure 2. Map Showing Soil-Infiltration Indexes, Si, in. South Dakota. 
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2 .  The equations are applicable only to s ites where 
flood-flows 
Therefore , 
are virtually natural , i . e . 
they are not appl icable 
unregulated . 
where peak 
discharges are s igni ficantly affected by man-made 
works such as maj or dams , reservoirs , diversions , or 
urbanizat ion . 
3 .  The equations are applicable to contributing drainage 
areas ranging from 0 . 05 to about 1 0 0  square mile s . 
4 .  The main channel slope must be withiri the range 
between 4 . 8 6 to 4 0 8  feet per mile . 
5 .  They are -only applicable within the ·state of  South 
Dakota . 
Becker ' s  method has been adopted by the South Dakota 
Department o f  Transportion as a maj or method for es� imat­
ing the des ign flood peaks for the highway· structures in. 
South Dakota ( 2 )  . 
Federal Highway Administration (FHWA) Methods 
The methods proposed by FHWA depend on a graphical 
correlation between the logarithms of the 1 0 -year peak 
flow and logarithms of the area , a topographical factor , 
and a ·precipitation factor ( 5 ) . Prior to any computat ions , 
the watershed is . class ified from a phy s iographic map into 
zones · de�ending on and reflecting its cl imatic and 
geologic properties . Accordingly , South Dakota has 3 
18 
hydrophys iographic zones ; they are zones 12 , 1 3 , and 14 
( Figure 3 ) . There are three sets of equations used by the 
FHWA : 3 parameters , 5 param eters , and 7 parameters . S ince 
there was insuff icient information available  for the 
author ' s  study to use the ? -parameter equati ons , they are 
not considered further . The 3 -parameter and 5-parameter 
equations are given below :  
3 -parameter FHWA regression equations 
Zones Equations 
12  ql O = 0 . 0 1 9 6 1  A
0 . 47 3 9 1 Ri l . 687 58 DH O . 3 07 00 [ 13 ]  
13 qlO = 6 . 1 8 1 1 5  A
0 . 6 6 69 4-Ri0 . 87 4 3 4  DH 0 . 0 10 2 3 [ 14 ] 
14 q10 
= 0 . 0 0 3 5 3 Ap . 42 5 6 2  Ri 1 . 64 5 52 DH 0 . 82 6 8 0 --- · [ 15 ] 
Zones 
12  
13 
14 
5-parameter FHWA regression equations 
Equations 
= 0 . 0 0 4 0 4  A-0 . 13 57 � � ·0 1 1� DH 0 .2·� 1 3 
Lp1 � 09 4 6  p-60 � .. • 2 8 81 ---- ---------
= 19 . 08 9 2  A 0 .7 9 19 Ri 0 . 51 �� DH 0 . 0 0 6 5  
[ 16 ] 
Lp.- 0 .2 4 6 1  �60 -0 .2 637 --- - ------ :- -- [ 17 ] 
q 1 0 -0 . 3 047 1 A 0 . 927 8  Ri 1 . 9 168  1 0 = · DH 1 .  0 5 3 4  Lp.;.. 1 . 15 6.8 p6 0 
-0 • 2 6 37 ---- [ 18 ] 
where q 10 = Estimate of the 10-year rtinoff peak in . cubic 
feet per second , 
A = Area of  watershed in square miles , 
Ri = Iso� erodent factor defined as the mean annual 
rainfall kinetic energy times the maximum 
respective 3· 0-minute annual max imum rainfall 
4�· 
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Figure J. Hydrophysiographic zones of South.Dakota. 
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intensity ( shown in Figure 4 ) , 
DH = Difference in elevation between the main 
channel . at its most distant point from the 
structure s ite on the watershed boundary and 
the stream channel at the culvert or drainage 
structure site in feet , 
Lp = L ength of  the principal drainage channel from 
the structure site to the upper_boundary of 
the watershed in miles , 
P 60 = 10 -year , 6 0-minute rainfall at the centroid of 
the watershed in - inches_ ( Figure. 5 ) . 
The regression equations for 2 . 3 3 - , 5 0- , and 100 -year 
are calculated from the q10 as fol lows : 
1 . 00 2 4 3  
Q 2 .J 3 = 0 . 4 6 9 2 1 q10 
1 . 02 3 4 2  Q 5 0  = 1 . 4 5 9 62 q1 0  
�-----------------------
---���.-----------------,� 
1 .  0 2 91 8 · QlOO  = 1 . 64 3 8 0  q1 0. --�---------------------
[ 19] 
[ -2 0] 
[ 2 1] 
The estimates ' of  the runoff peaks for recurrence 
intervals other than those given above are calculated by 
logarithmi c interpolati on or extrapola_tion . 
FHWA emphas i z es that th e above methods are particu­
larly_ intended for use on watersheds smal ler. than 5 0  
square miles but· may b e  used on areas up to 1 0 0  square 
miles ( 1 )  .· 
I n  us ing the 3 -par�meter and 5-parameter equations , 
the author a ssumed that the main channel slope , which is 
. , . 104° 103• 
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calculated from the elevations at points 1 0- and 8 5-
percent of 
approximately 
stream length upstream from the 
equal to · the channel slope 
gage , is 
calculated 
·between the most distant point from the gage · on the water­
shed boundary and the gage . The difference in elevation, 
DH , is calculated by multiplying the main channel slope, 
which is calculated from the elevations at points 1 0 �  and 
8 5 -percent of  stream length , by the extended p rincipal 
channel length . 
Log-Pearson Type I I I  Procedu� e  
The Pearson Type I I I  distribution has been · used 
increas ingly in hydrologid studies . This is a. speciaL cas e  
o f  the gamma distribution . For more information· ·on the 
gamm a distribution , the reader: . may refer to text. on 
hydrology . The log-P� arson ·Type III  distri:butio_n has been 
widely adopted as the standard method for floo4 frequency 
analys is . It incorporates the transform y = l' og x to 
reduce the skewness of the distribution { 1 1 ) . 
The analyses of  flood-flow frequency were made by the 
U . s . Geological Survey (U . S . G . S . ) for the gaging stations 
in South D akota , us ing the log-Pearson Type I I I  procedure 
recommended J::?y. · the ·U.s. Water Resources Council ( 9 )  . This 
publicatiQn contain s a complete and definitive description 
of th e recomm ended procedure , which is summarized below .  
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The procedure characterizes flood occurrence at a 
single s ite as a sequence of annual peak flows . The 
magnitudes of  the annu ai peak flows are assumed to be 
independent random variables following a log-P earson Type 
III probabil ity distribution . This distribution has a 
curve s imilar in shape to the gamma distribution. It 
defines the probabil ity that any s ingle annual peak flow 
will exceed a spec i fied discharge . By considering only 
annual peak flows , the flood-frequency analys i s  becomes 
the estimation of  the log�Pearson annual-probabil ity 
curve , us ing the record of a�nual peak flows at the s ite . 
The U . S .G . S .  divided . the re corded data into two 
classes : systematic and historic . T� e systematic record 
includes al l annual peak flows determined in the process 
of conducting a systematic gaging . p rogram . ·· Prior to . the 
gaging program , only historic d ata was qVailable ( see 
. ' 
below) . In a systematic gaging program , the annual peak 
flow has been determined for each and every . yea� of the 
program . The systematic record is intended to constitute 
an unbiased and representative sample of the population of 
al l possible annual peak flow s  at the s ite . In contrast to 
the systematic record , the historic record cons ists only 
of sporadiC: annual peak flows that were determined because 
of their unusual magnitude . Flood information acqu ired 
from 
.
h istorical sources .almost invariably refers to floods 
of noteworthy. , and hence extraordinary , s i z e . Although 
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historic records are from a biased and unrepresentative 
sample , they can be used to supplement the systematic 
record . 
The following steps were used by the U . S . G . S .  in the 
analyses o f  flood-flows for the gaging stations in South 
Dakota ( 3 ) . 
The first step is to compute the stati stics · of the 
common logarithms of  the annual peak flows in  the system­
atic record . At some sites an annual peak flow of  zero can 
occur , more generally , it occasionally may be equal to or 
less than some lower l imit of measurement c.all ed the gage 
base ( flood base ) . To account for this poss ibil ity ,· the 
number of  annual peaks below the gage base i s - computed in 
addition to the mean , standard deviation , and skew , G ,  o f  
the logarithms of the annual p.aak flows that are .higher 
than the gage base . .These �tatistids provide an initial 
estimate of the frequency curve and are modif ied. as neces­
sary by succeeding steps . 
The second step is to detect and make appropriate ad­
j ustments for low outl iers , high outliers , and hi sto ric 
peak flows . 
depends on 
The sequence of these tests and adj ustments 
the station skew computed in the first step . 
Because a large skew of either sign is l ikely to be caused 
by an . otit.l.ier on the corresponding end of the sample , this 
possibil ity is  checked iirst and any necessary adj ustment 
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is · then appl ied before checking for outl iers on the other 
end of the sample . I f  the skew is of moderate s i z e  ( -0 . 4  < 
G < +0.4 ) , the existence of both high and low outl iers . can 
be checked before applying any adj ustments . . I f  one or more 
high outl iers are detected , they are compared with 
historic flood data for their magnitude or frequencies in 
order to make a determination to either treat the outl ier 
as part of the systematic record , or adj ust the outl ier , 
as speci fied in Appendix 6 of the u.s. Water Resources 
Council Guidel ines ( 9 ) . Low outl iers are deleted from the 
record . The equations used_ to detect the high and .low 
outl iers may be obtained from . pages · 17  and 1 8  in the · U . s .• 
Water Resources Council Guidel ines ( 9 ) . 
I f  no low outl iers , zero flows , or below-9�ge-base 
peak flows are present , the frequency · curve can be 
tabulated . Thi s  process involves selection · .o f  the Pearson 
Type III  standardized ordinate·s ,  from Table in Appendix 3 
of the u.s . Water Resources Council Guidel ines ( 9 ) _ ,  at the 
desired skew and probability ,  and computation o f  the 
ordinates o f  the logarithmic frequency _ - curve . When annual 
peak flows below the flood base are present , an 
adj ustment needs to be appl ied , according to the procedure 
stated in Appendix . ·5 of  the above-mentioned guidelines 
( 9 ) , to account · for the fraction of the population below 
the gage base ( including . zero flows ) . 
The foregoing calculations define a frequency curve 
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based solely o n  flood peaks determined a t  the s ite in 
question . Thi s  curve is subj ect to unrel iab il ity due to 
random sampling fluctuations in the record . To decrease 
this unrel iabil ity , the analysis next compares the 
calculated station skew with a general ized regional skew 
coefficient . This represents the skew that might be 
expected on the bas is of  experience at neighboring sta­
tions . A recommended skew is calculated as a weighted 
average o f  the general ized skew coefficient ·and the sta- · · 
tion skew . This resulting skew coeffici�nt is  used to 
tabulate the final log-Pearson Type I I I  frequency curve . 
Based on the FHWA evaluation of ·the above-mentioned 
methods , no engineer was completely satisfied with. those 
methods and many engineers bel ieved these method& . �ill  
frequently either ov�r- or ·under-estimated . the . �ischarge . 
The watershed data obtained from the U . S . G . S .  in Huron was 
used in author ' s  investigation ·to test the accuracies of 
the above-mentioned methods . The Rational , Soil-Cover 
Complex { Soil  Conservation Service ) and FHWA ? -parameter 
methods were omitted from my research proj ect for the 
following reasons : 
1 .  There was insufficient information on the surface 
character and the land util ization to determine the 
runoff co�f ficients of the drainage bas ins . 
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2 .  There was insufficient information on the soil 
conditions and the land treatment to determine the 
identi fication numbers , previously call ed the curve 
numbers . 
3 .  There was insufficient information to determine the 
total cumulative channel length in order to use the 
FHWA 7 -parameter equations . 
4 .  Finally , most of  the drainage basins obtained from the 
u . s . Geological survey were larger than 1 . 0 0 square 
mile and smaller than 100  square mil es , which was 
larger than the maximum al�owable area for the Rational 
and Soil-Cover Complex methods . 
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RESEARCH OBJECTIVES 
The speci f ic obj ectives of  the proj ect were as 
follows : 
1. To test the accuracies of Becker ' s  method and FHWA 
( 3 -parameter and 5-parameter) methods by comparing 
the results with the observed values obtained 
by us ing log-Pearson Type III  procedure for the 
1 1 1  gaging stations . 
2 .  To modi fy or improve the methods reported . 
3 .  To test the methods specifical ly for the state of _ 
South Dakota . 
3 0  
APPROACH OF THE RESEARCH 
The research approach was to obtain and analyze data 
on flood peaks for a . sample of stream draining bas ins with 
areas generally less than 100  square miles . This watershed 
data were obta ined from the U . S . G . S .  in Huron ; South 
Dakota . 
The magnitude o f  instantaneous peak flows for various 
recurrence intervals for the 111  gaging stations are 
listed in Table 4 .  These instantaneous peak flows for the 
111  streams are supplied by the U . S . G . S .  in Huron , South 
Dakota . They are the calculated values obtained from the 
log-Pearson Type I I I  procedure . The analyses to obtain 
the$e values were done by 'the U . S . G . S .  in S outh Dakota . 
The location and distribution of the 1 1 1  gaging stations 
are shown in Figures 6a , 6b , and �c . 
The 1 1 1  data sets l isted in Appendix B ( Ta�le B-1 )  
were used to test Becker ' s  method and the Federal 
Highway Administration ( FHWA) methods ( 3 -parameter· and 5-
parameter) . Th• estimates of 2 - , 5- , 10- , 2 5- , so- , and 
10 0-year .flood peaks by Becker ' s  method are calculated by 
us ing equations 7 through 12 . The estimates o f  1 0-year 
flood · peaks by FHWA methods are calculated by us ing 
equations 13  through 15 for the 3 -parameter method and 
equations · . 16  through 18 for the 5-parameter method with 
the . appropriate hydrophysiographic zones . Al l the above 
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Tab l e  4.  "agn i t ud e  and Recur r ence Interval  of I nstantaneous 
Peak FloM at Sel ected Conti nuous-Recor d Gagi ng 
St at i ons in South Dak ot a  C The U . S . S . S .  Data ) .  
----- - ----- -- - - - --- - ------- ----- ---- - - ------------------ - -
NUM . 2-YEAR 5-YEAR 1 0-YEAR 25-YEAR 50-YEAR 100-YEAR 
P2 P5 P 1 0  P25 PSO P l OO 
( c f s )  ( cf s ) (cf s )  ( c f s }  (cf s )  (cfs l  
--- -------- - - -- ------- - - ----------------- ------- --- - - - ----
1 1 04 . 0  276 . 0 433 . 0  647 . 0  839 . 0  1 050 . 0  
2 278 . 0 504 . 0  695 . 0  984 . 0  1 230 . 0  1 500 . 0 
3 1 51 . 0  296 . 0 4 1 4 . 0  596 . 0  762 . 0  955 . 0  
4 32. 0 62 . 0  85 . 0  1 19 . 0  1 47 . 0  1 78 . 0  
5 53 . 0  103 . 0 1 46 . 0  209 . 0  263 . 0  325 . 0  
6 1 6 . 5 33 . 0  50 . 0  72 . 0  95 . 0  1 25 . 0  
7 154 . 0 326 . 0  474 . 0  701 . 0  902 . 0  1 1 20 . 0  
8 53. 6 1 24 . 0  1 92 . 0  302 . 0  405 . 0  526 . 0  
9 43 . 0  90 . 0  1 5 1 . (l 280 . 0  454 . 0  600 . 0  
1 0  209. 0 393 . 0  531 . 0  720 . 0  869 . 0  1 020 . 0 
1 1  1 07 . 0  198 . 0  198 . 0 270 . 0 484 . 0  608 . 0  
1 2  70. 3 1 54 . 2  287 . 4 542 . 0  992 . 0  1849 . 0 
1 3  43 . 6  65 . 7  1 00. 4 195. 0 327 . 0  529 . 0 
1 4  24 . 0  46 . 0  04 . 0  92 . 0  1 16 . 0 1 45 . 0 
15  26 . 0  6 1 . 0  92 . 0  1 4 1 . 0  1 85 . 0  235. 0 
1 6  1 37 . 0  257 . 0  408 . 0 794 . Q  1 360 . 0 ' 2350. 0 
1 7  709 . 0  1060 . 0  1340 . 0  1 760. 0 2 1 30 . 0  2540. 0 
1 8  65. 0 1 34 . 0  206 . 0 302 . 0  409 . 0  550 . 0  
1 9  29 . 0  49 . 0  63 . 0  . 83 . 0  1 00 . 0 1 19 . 0  
20 1 68 . 0  698 . 0  1 360 . 0 2900. 0  4490. 0 6430 . 0  
2 1  60 . 5  1 89 . 0  351 . 0  730. 0 1 030 . 0  1 260 . 0  
22 27 . 0  53 . 0  79 . 0  1 26 . 0  1 75. 0 239 . 0  
23 29 . 9  68 . 0  1 2 1 . 0  236 . 0 38Z . O  606 . 0  
24 44. 0 1 25 . 0  '222 . 0  4 1 Q . O . .  754 . 0  1 423 . 0  
25 63 . 0  1 1 0 . 0 1 48 . 0  205. 0 ' 254 . 0  308. 0 
26 38. 0  78. 0 1 38 . 0  224 . 0  340 . 0 560 . 0  
27 1 67 . 3  357 . 0  638 . 0  1 204 . 0  22 1 0 . 0 4 1 30 . 0 
28 76. 0  1 65. 0 255. 0 4 1 3 . 0  572 . 0  772 . 0  
29 191 . 0  630. 0 1 220. 0 2560. 0 421 0 . 0  6660. 0 
30 31 . 0  46 . 0 54 . 0  65 . 0  73 . 0  8 1 . 0  
3 1  89 . 0  3 1 5 . 0  568. 0 1 1 10. 0 1 660 . 0 2380 . 0 
32 33 . 0  1 09 . 0  24 1 . 0  591 . 0  1 080. 0 1 890. 0 
33 1 05. 0 1 74 . 0  225. 0 296 . 0  356 . 0 422. 0 
34 362 . 0  1660 . 0 3950. 0 9900. 0 1 6500 . 0  28800. 0  
35 27 . 0  55. 0 83. 0  1 15. 0 1 47 . 0  18 1 . 0  
36 64 . 0  1 32 . 0  196 . 0  290. 0 381 . 0  486. 0 
37 23 . 4  72 . 3  1 3 1 . 0  246. 0 370 . 0  534 . 0  
38 6 . 4 24 . 0  4 7 . 0  98. 0  155.0  235 . 0  
39 60 . 1  ' 290. 0 661 . 0  1 590. 0 2800. 0 4650 . 0  
40 348 . 0  1034 . 0  1 680 . 0  4060. 0 7 1 50 . 0  1 1900 . 0  
4 1  . 1 03 . 0  395 . 0 838 . 0  1 940. 0 3400 . 0  5700 . 0  
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NUtt . 2-YEAR 5-YEAR 1 0-YEAR 25-YEAR 50-YEAR 1 00-YEAR 
P 2  P 5  P 1 0  P25 P50 P l OO 
( c f s )  ( c f s }  ( c f s )  ( c f s ) ( c f s )  ( c f s l  
-- - - - -- -------- - --------- --- - -- --- - ------- ------- - - - - - ----
4 2  50 . 0  1 1 1 .  0. 1 7 1 . 0  2 73 . 0 373 . 0  496 . 0  
4 3  34 . 0 88 . 0  1 �8 . 0  265 . 0  388 . 0  550 . 0  
44  1 49 . 0  567 . 0 1 280 . 0 3 2 1 0 . 0 5960 . 0  1 0500 . 0  
4 5  1 26 . 0  930 . 0  1 790 . 0  3480. 0 5 1 60 . 0  6300 . 0  
46 58 . 0  1 77 . o 3 1 8 . 0 593 . 0  886. 0 1 270. 0 
47 7 7 . 0  1 34 . 0  1 78 . 0  24 1 . 0  293 . 0 34 9 . 0  
48 1 63 . 0  4 53 . 0 7 73 . 0  1 370 . 0  1 980 . 0 2760 . 0 
49 258 . 9 4 02 . 0  593 . 0 1 0 1 4 . 0  1 520. 0 2240 . 0  
50 3 1 . 0 97 . 0 1 79 . 0  348 . 0  539 . 0  802 . 0  
5 1 1 52 . 0 320. 0 4 7 5 . 0 729 . 0  966 . 0 1 250 . 0  
52 1 7 . 3 37 . 0 67 . 0 1 1 5 . 0  1 65 . 0  208 . 0  -
53 37 . 0 7 1 . 0  1 02 . 0  1 56 . 0  207 . 0  270 . 0  
54 1 80 . 0  306 . 0  393 . 0  5 1 6 . 0 689 . 0  904 . 0  
55 1 38 . 9 260 . 8 337 . 2 529 . 2  689 . 2  869 . 2 
56 235 . 0  680 . 0 1 1 00. 0 1 960 . 0 27 1 0 . 0 3790 . 0  
57 59 . 0 1 37 . 0 205. 0 321._ . 0  428 . 0 558 . 0  
58 1 29 . 0  265 . 0 395 . 0  655 . 0  8 1 0 . 9 1 240. 0 
59 1 78 . 0  3 57 . 0  502 . 0  8 1 4 .· 0 1 220 . 0 1 920 . 0 
60 7 3 . 0 1 50. 0 250 . 0  439 . 0 7 1 4 . 0  1 1 85. 0 
6 1 64 . 0  1 1 4 . 0 226 . 0  389 . 0 638 . 0  1 074 . 0  
b2 8 8 . 7 2 25 . 0 365 . 0  632 . 0  934 . 0  1 3 1 8 . 0  
63 98 . 2 1 70 . 5 299 . 6 552 . 0  1 04 2 ,  (I 1 0 1 2 . 6 
64 4 3 . 0  1 1 2 . 0 23 1 . 0  5 7 1 . 0  1 060 . 0 . 1 870 . 0  
65 89 . (1  1 9 1 .  (I 355 . (1 690 . 0 1 1 4 0 . 0 2060 . 0  
66 6 1 . 0  1 09 . 0  1 6 5 . 0 268 . 0 . 4 1 0 . 0  649 . 0  
67 55 . 0  1 2 1 . 0  1 9 1 . (I 325 . 0  . ' 4 39 . 0 60 1 . 0  
68 8 9 . 0 204 . (1  395 . 0 796 . 0  · 1 279 . 0  1 95 5 . 0 
69 99 . 5  278 . 0 465 . 0  738 .  (l 999 . 0  1 2 95 . 0  
70 35 . 1  83 . 4 . 1 32 . 2 200 . 0  263 . 0  3 33 . 0  
7 1 7 1 . 0 1 75 . (1 284 . 0  476 . (1 668 . 0 906 . 0 
72  1 60 . 4 364 . 0  585. 0 1 295 . 0  1 704 . 0 2 1 56 . 0  
73 1 69 . 2  . 389 . 0  7 1 7 . 0  1 32 1 . 0 23 1 5 . 0 4 1 40. 0 
74  3 4 . 0  57 . 0  88 . 0  1 45 . 0  24 1 . 0  420 . 0 
75 3 6 . 7 8 7 . 5 1 39 . 3 2 1 3 . 0 284 . 0  . 36 3 . (1 
7b 55 . 0  1 5 1 . 0 243 . 0 4 6 4 . 0 760 . () 1 2 70. 0 
7 7 1 33 . 7 369 . 0 680 . 0 1 260 . 0  1 950 . 0 2860 . (1  
78 66 . 0 1 5 3 . 0 22 1 . 0 346 . 0  479 . 0 668 . 0  
79 H . 7  1 08. 3 1 96 . 0  4 1 5 . 0 455 . 0  637 . 0  
80 3 1 . (I 7 1 . 0  1 1 3. 0 220 . 0  288 . 0  3 7 4 . 0  
8 1  4 7 . 0  . 1 09 . 0 . 1 89 . 0  303 . 0 4 1 1 . 0 5 4 2 . 0  
82 42 . 0  . 1 08 .  0 1 9 4 . 0  362 . 0  54 4 . (1 6 70 . 0  
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- - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
NUft. 2-YEAR 5-YEAR 1 0-YEAR 25-YEAR 50-YEAR 100-YEAR 
P2 - PS P 1 0  P25 PSO P lOO ,.. 
( c f s )  ( c f s )  (cfs)  < c f s) ( c f s )  ( c f s )  
- - - - � - - � - - - - - - - - - - - - - - - - - - - - - - � - - - - ----- - - - - - - - - - - - - - -- - - - - --�·-
83 1 4 . 0 40. 0  55. 0 1 0 1 . 0  1 28. 0 1 63 . 0  
84 44 . 0  92 . 0  1 80 . 0  242. 0 296 . 0  567 . 0  
85 25 . 0  54. 0 79 . 0  1 2 1 . 0  1 58 . 0 201 . 0  
80 2 1 . 0  70. 0 1 63 . 3 299. 4 474 . 1 750. 7 
87 1 15. 8 420 . 0  846 . 0  201 0 . 0 3400 . 0  5340 . 0  
88 98 . 6  255 . 0  465 . 0  85 1 . 0  1 350. 0  2030. 0 -
89 1 42 . 0  506 . 0 1040 . 0  2020 . 0  3290 . 0  5 1 10 . 0 
90 45. 0  1 04 . 0  1 63 . 0  247 . 0  336 . 0  438 . 0  
9 1  28 � 0  75. 0 1 19 . 0  1 88 . 0  294 . 0  360. 0 
92 30 . 0  6 1 . 0  9 1 . 0  1 39 . 0  1 86 . 0  243 . 0  
93 96 . 8  265 . 0  451 . 0  787. 0 1 1 20 . 0  1 520. 0  
94 39 . 0  9 1 . 0  1 49 . 0  258 . 0  372 . 0  522 . 0  
95 1 32 . 0  270 . 0 496 . 0  959 . 0  i 420 . 0  1 990 . 0 . 
96 1 58 . 0 371 . 0  581 . 0  945 . 0  1 3 10 . 0 1 770. 0  
97 32 . 0  87 . 0  1 20 . 0  1 60 . 0  1 98 . 0 237 . 0  
98 1 26 . 0 356 . 0  578 . 0 1 030 . 0 1 370 . 0 1 860 . 0  
99 1 8 . 5 36 .- 0  54 . 0  75. 0  . 103 . 0  1 35 , 0  
1 00 90 . 1 330 . 0  6 1 3 . 0  1 1 40. 0 1 650. 0  2280 . 0  
1 0 1  5 1 . 0  1 39 . 0  235 . 0 407 . 0  582 . 0  804 . 0  
1 02 4 4 . 0  99 . 0  1 3 1 . 0  19 t . o  257 . 0  345 . 0  
1 03 154. 0 592 . 0  1 060 . 0  1 940 . 0  2750 . 0  37 10 . 0 
1 04 1 72 . 0  658 . 0  1 1 70 . 0  . 2 1 90. 0 . 3000 . 0  4490 . 0  
105 35 . 0  1 0 1 . 0  1 67 . 0 233 . 0  299 . 0  365. 0  
1 06 78 . 0  490 . 0 920. 0 1 670. 0 2400 . 0:  . .  3270 . 0  
1 07 49 . 0  2 1 8 . 0  445 . 0  907 . 0. 1 400. 0  2 103 . 0  
1 08 2 1 . 0  48. 0 77 ; 0  1 2 1 . 0  1 67 . 0  233 . 0  
1 09 1 1 6 . 0  339 . 0  582 . 0  
. . 
1 0 1 0. 0 1 430 . 0  1940 . 0  
1 1 0 26 . 0  4 4 . 0  57 . 0  74 . 0 I • 86 . 0  99 . 0  
1 1 1  337 . 0  807 . 0  1 260 . 0 2000 . 0  2680 . 0  3490 . 0  
�, •• _ _ _ _ _  _!01· 
. . . 
I I 
I 
I 
� I 
4�(\ .,+,, . l � - · .· · . �� r(' �:...? � . � ·-·- · - � -1 - - �..,.; _ __ . .  :�- -- - - -- · - -�- - · 
E W I' L A N. A T ION ' . 
• C II £ 9 T - S T AC E  G A G [ - -N••• o r  l o  h w o o t t o o •  o r • o r l o t  • • • h •. or U . S .  O o o lt tl c o l  !l o r • t r  ! t r o l l •  • • •  t r t lll•t l t r l l  o • l t
_
l t . , , 
.. • M •t\11 ,,.. e ID •.• �- · --· .l .,_ . -.__,....L-" . .. . . . .. • • •  l .. tt•• 
Figure 6a. Location and Dis tribution of Rainfall-Runoff ( Gaging ) S tations 
in s outh Dakota. 
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Figure 6b .  Lo cation and D i s tributi on of Rainfall-Runoff ( Gaging ) S tati ons 
in S outh Dakota . 
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calculations were done util iz ing the original computer 
program l isted in Appendix B .  The flood peaks estimated by 
Becker ' s  method were l isted in Appendix B ( Tabl e  B-2 ) . 
The flood peaks estimated by FHWA 3 -parameter and 5-
parameter methods were shown in  Table B- 3 and Table B-4 , 
respectively . The computer program was also used to 
calculate 
estimates . 
the percent deviations from the ·U . S .  G .  S .  
According to the u. s. Water Resources Counc il , the 
log-Pearson Type I I I  procedure was the most accurate 
method as compared to othe� currently used methods , 
because it is  based on the actual discharge data of  the 
stream at the s ite ( 9 ) . T�erefore , the estimated flood 
peaks by Becker ' s  method and FHWA methods ( 3 -parame�er and 
5-parameter) were compared with ·the observed values 
obtained by us ing the log-Pears�n Type I I I  procedure for 
the respective gaging stations ·and the respective years o f  
the recurrence interval . The comparison was done i n  the 
following ways : 
1 .  By calculating the percent deviation o f  these 
methods from the log-Pearson Type I I I  procedure . 
2 .  By plotting the graphs of estimated discharge 
values from these methods versus those based on 
the log-Pearson Type III procedure . 
3 .� By calculating :the coefficients of  determination 
between. the methods tested and the log-Pearson 
3 8  
Type I I I  procedure . 
4 .  By estimating the. least-square l inear regress ion 
equations relating the values obtained by those 
method to that of the log-Pearson Type III  
procedure . 
In order to accompl ish the second obj ective , Becke� ' s  
method was updated with longer records of  annual -maximum 
discharges than that used by Becker in his analyses , for 
the 1 1 1  gaging stations ( 2 , 8 ) . The modif ied or updated 
equations were developed by the author using the multiple _ 
-
l inear least-square regress ion analyses , with logarithmi� 
transformation of variables to relate flood magnitudes 
( obtained from the log-Pearson Type I I I . procedure ) as the 
dependent variable to drainage areas , . ma in channel 
slopes , and soil-infiltration indexes as independent · vari­
ables . This  procedure was specified in Becker ' s  publ ica-
tion ( 2 ) . The same. flood magnitudes of the 1 1 1  gaging 
stations were used in these analyses as that used in the 
previous analyses in this investigation . 
In order to modi fy the FHWA methods , the above same 
flood magnitudes of  the 111  gaging stations were used by 
the author in this investigation . There were 3 3 , 6 6 , and 
12 gaging stations , in Zones 12 , 13 , · and 14 respectively . 
Backward · el imination was used as a method in selecting an 
·appropriate model for each of the different return periods 
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of  flood flows . The detailed description of  the backward 
el imination procedure may be found in any multivariate 
statistics book . The logarithmic trans formation of -the 
variables ( or parameters ) was used in these .an·alyses . The 
author began with the model that included a l l  the 7 
potential predictor variables . However , due to . insuf­
ficient information in obtaining the actual elevation 
di fferences , DH , for the watersheds , this variabl e : was not 
used in these analyses . Variables were deleted from the 
model one at a time until the further deletion of a 
variable resulted in a rej ection of the reduced model • . 
. The procedure may be best explained by an example .. 
Take the analysi s  of  the 2 �year flood peaks , in Z one 14 , 
as an example . There are 6 poss ible predictor variables : 
Area (A ) , Main Channnel Slope ( Sc ) , · Soi1 -inf iltration 
index ( S i ) , Iso-erodent Fact.Qr · ( Ri ) , Channet Length ( Lp ) , 
and 60-minute Rainfal l ( P6 0 ) .  
Suppose that the final model via backward. e l imination 
contains only the variables A, Sc , Lp , and P60 . Assume 
that the the variables Ri and S i  are deleted in the order 
�entioned . These are the steps that are taken : 
1 .  The full  model 
P2 = b o + b1A + b2 Sc + b3 S i  + b4Ri + b5 Lp + b6 P6 0  ( a ]  
i s  fitted . The b0 , b1 , b2 , b3 , b4 , b5 , and b 6 are 
regress ion coefficients . . The value of R 
2 is found . 
2 .  The 6 five-variable models 
4 0  
P2 = bo + b2Sc + b3 Si  + b 4Ri + b5Lp + ·b 6P6 0 - -- --- - [ b ]  
P2 = b o + b,1A + b3S i + b 4Ri + b5Lp + b6P6 0 - - - - - - - - ( c ) 
P2 = b o + b,1A + b2sc + b 4Ri + b s LP + b6 P60 - - - - ---- [ d ) 
P2 = b o + b,1A + b2sc + �3si + b sLP + b6 P60 - - - - - - - - ( e ) 
P2 = bo + b.1A + b2sc + b 3S i  + b·4Ri + b6 P6 o  - - - - - - - - [ f ]  
P2 = b o + b.1.A +. b2.sc + b3S i  + b·4Ri + b5 :LP -- - - - - - - - ( g ).  
are fitted . The value of · R2 is found for each model . 
The model with the largest R2 is chosen and compared 
with the full model by using th� SAS program . Suppose that 
the model for equation ( e ]  has the largest . R2 • In this 
case we test 
H 0 . : equation ( a ] = equation ( e ] 
and . are unable to rej ect H0 . We delete the variable - Ri 
from the model s ince it appears that the reduced model 
is adequate . Equation ( e ]  is th�n used as a ful l  model 
in the next step . 
3 .  The 5 four-variable models 
[ h ]  
p2 = b o + b1A + b3 S i  + b5 Lp + b6P 6 0 - - - ----- - - - -- - - [ i ] 
p2 = b a + b1A + b2 sc + b5Lp_ + b 6P6 0 - -- - - - -- - ---- - - [ j ]  
p2 = ba + b1A + b2 sc + b3 S i  + b 6P6 0 -- - - - - -- - - - - -- - [ k ]  
p2 = b o + b1A + b2_sc + b3 S i  + b5Lp -- - - -- - -- - -- - -- - [ 1 ] 
are fitted . In this · case , the reduced model for equation 
[ j ]  ha=:; the . largest 2. Then test R . we 
Ho . equation ( e ) = equation [ j ]  . 
4 1  
and are unable  to rej ect H0 . We delete the variable S i  
from the model , s ince it appears to b e  unnecessary . 
Equation ( j ] is used as a full model in the next step . 
4 .  We now fit the 4 three-variable models 
P2 = bo + b2sc + bsLP + b6P6 0  - - - - - - - - - - - - - - - - - � - - - [ m ]  
p2 = bo + b1A + bsLP + b6 P6o - - - - - - - - - - - - - - - - - - - - - - [ n ]  
p2 = bo + b1A + b2 Sc + b6 P6 o  - - - - - - - - - - - - - - - - - - - - - - ( o ]  
p2 = bo + b 1A + b2 sc + bsLP - - - - - - - - - - - - -
- - - - - - - - - - ( p ]  
and suppose that we have the reduced model with equation 
( p ]  of the largest R2 . We test 
H0 : equation [ j ] = equation ( p ]  
In this case , H·0 is rej ected and this left the model with· 
equation [ j ]  as our most appropriate model . 
The above method was repeated for each of  the zones 
and recurrence intervals respectively to seiect the most 
appropriate model . 
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RESULTS AND DISCUSSION 
Comparison of Becker ' s  Method Versus The Log-Pearson Type 
III  Procedure 
From the calculated percent deviation using Becker ' s  
method ( shown in Table B-5 ) , it is clear that some . o f  the 
Becker ' s  values are overestimated , and some are _under-
estimated , when compared to log-Pearson Type I I I  ·values . 
The pecent deviation is calculated from the equation : 
( Log-Pearson value - Becker ' s  value ) 
% deviation = ---------------------------- - -- - ---- x 1 0 0% 
Log-Pearson value 
I f  the percent deviation is negative , it means that 
Becker ' s  value is  overestimated . I f  the .percent deviation 
is pos itive , then Becker ' s  value is underestimated . The 
ranges of percent deviation for the 2 - , 5- , 1 0 � , 2 5- , - s o - , 
and 1 0 0-year flood peak estimates are summarized . in Table 
5 .  
The wide range in percent deviation for the 
comparison of  Becker ' s  and Pearson · Type III  methods are 
due to the most extreme (maximum values ) under- or · over-
estimate of  the flood peaks for gaging stat ions Nos . 19 , 
2 3 , 4 4 , and 1 1 1 . Most of  the other stations show smaller 
percent deviations . 
· The · qraphs o f  Becker ' s  method versus the log-Pearson 
· Type I I I  procedure ( Figures c-1 to C-6 in Appendix C )  for 
Table 5 .  Summary o f  the Ranges of  Percent Deviation for 
Becker ' s  Method vs the Log-Pearson Type I I I  
Procedure . 
Year Range of Percent Deviation *Limiting Stations 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 
5 
10 
2 5  
5 0  
100  
-1 7 2 . 9 4 % 
- 2 8 9 . 84 % 
-3 5 5 . 88 % 
-5 3 5 . 4 0 % 
-6 7 2 . 4 2 % 
-8 0 3 . 7 6 % 
to + 8 6 . 0 3  % 
to + 8 3 . 7 0 % 
to + 8 3 . 2 9 % 
to + 8 1 . 7 4 % 
to + 8 2 . 4 5 % 
to + 8 6 . 2 0 % 
2 3  
2 3  
19 
19  
19  
19  
& 
& 
& 
& 
& 
& 
1 1 1  
1 1 1  
1 1 1  
1 1 1  
4 4  
4 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - -
* Limiting stations are the gaging stations which have the 
most extreme values of percent deviation . 
2 - , s - ,  1 0- , 2 5- , s o - , and 100-year flood peaks show that 
Becker ' s  method frequently underestimates the peak flow .  
If  the two methods are very close i n  value , the !.east 
square regress ion l ines shown in these graphs wil l  be 4 5  
degree l ines . S ince the least square regression l ines in 
the graphs are smaller than 4 5  degrees , Becker ' s  values 
are underestimated . 
By us ing the SAS program PROC REG ( 13 ) , the coef­
ficients of determination , R2 , between the two · methods for 
various return periods , were calculated . These values are 
2 
shown in Table 6 .  The R represents the proport ion of  the 
variabil ity in Becker ' s  method explained by the model , or 
the fitted l inear regression equation . Values of R2 near 
1 . 0 0 are taken as an ·indication that the model explains 
the data perfectly , or the model is adequate . S ince the R2 
between the two methods for all the different recurrence 
intervals are somewhere between 0 . 67 to 0 . 74 ,  these show 
44  
that the model does not explain the data adequately . In 
other words , the two methods do not relate very wel l  or 
they do not have a · good fit . We can say that Becker ' s  
method does not do a very good j ob in predict ing the fl ood 
peaks in South Dakota . However ,  Fletcher reported that 
some other methods did a better j ob in predicting the 
flood peaks in some states ( 3 ) . For example , Potter ' s  
method ( developed by the U . S . G . S .  in Massachusetts ) showed 
higher R2 values ( between 0 . 7 7 3  to 0 . 8 3 5 )  as the estimated 
values of  this method were compared to the observed values . 
obta ined from the Log-Pearson Type . I I I  procedure for . the 
watersheds in Massachusetts ( 3 ) . This may be because there 
were better and longer records of the annual · peak flows 
for the streams in Massachusetts than in .south Dakota . 
Also the humid cl imate in Massachusetts tended to , have 
higher rainfall ,  these - gave less· ext�eme variat ion in peak 
flows for the streams in Massachusetts . 
The SAS program PROC REG ( 13 )  is used to estimate the 
regression l ines with zero intercepts . The intercepts were 
forced through zero , because we know that when flow in the 
stream is  z ero , the estimated values for both methods 
should be z ero also . I f  the estimated discharges . us ing 
Becker ' s  method · are very close to that of the l og-Pearson 
Type III procedure , the slopes of the estimated regress ion 
l ines or regression coefficients , b ,  should b e  approxi-
4 5  
mately equal to 1 . 0 0 .  I n  the analysis , Becker ' s  estimated 
values are treated as independent variables , and the 
observed values o f  the log-Pearson Type III  are treated as 
dependent variables . From the relating regress ion 
equations shown in Table 6 ,  the slopes are somewhere 
between 0 . 5  and 0 . 65 for all the different recurrence 
intervals . These show that the Becker ' s  method . under-
estimates the discharges for all the recurrence intervals . 
Table 6 .  Comparison of Becker ' s  method with Pearson Type 
III  Procedure . 
· 
- - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
Recurrence Coef f icient of  
Interval Determination 
R2 
2 year 0 . 7 0 3 6  
5 year 0 . 7 3 9 9 
1 0  year 0 . 6 8 7 7  
2 5  year 0 . 6 9 2 4  
5 0  year 0 . 6 9 3 2  
100  year 0 . 6 7 9 2  
Relating Regress ion Equation 
. Q2 = 0 . 6 1 4 0  p2 
Q5 = 0 . 6 4 3 4  P 5 
Q 1 0  = 0 . 6 0 13 p 1 0  
Q2 5  = 0 . 5 8 9 1  P:2 5 . 
Q5o  
= 0 . 5 6 8 8  P�5 o  
Q 1 0 0  
= 0 . 5 1 0 5  P :lO O
. 
- - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
The reason for the underestimate of  Becker ' s  method 
was primarily due to the l imited flood records for the 1 2 3  
gaged s ites used i n  Becker ' s  analysis . Out of  these 12 3 
gaged s ites , 6 6  s ites had short-term records o f  annual ­
maximum . discharges ranging i n  length from 8 t o  1 1  years . 
The remaining 5 7  s ites had an average record length o f  2 2  
to 2 3  years ( 2 ) . Becker extended the 6 6  short-term flood 
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records us ing long-term cl imatic records and a rainfall-
runoff  model ( 2 ) . These extended values may not be repre-
sentative values of · the actual future flood . magnitudes .  
S ince the above tests show that Becker ' s  method 
frequently underestimated the flood peaks for various 
recurrence intervals , the l inear least-square regress ion 
analyses ( spec ified by Becker) were repeated in this 
investigation , with the updated records of  annual-maximum 
discharges (minimum of  6 years longer than that o f  the 
records used by Becker) for the 1 1 1  gaging · stations . The 
Modified Becker ' s  equations , together with � ,  were 
obtained as shown below : 
Table 7 .  The Modi fied Becker ' s  Equations And The ir R2 
Values . 
--;2------------------;��i;i��-���;�;�;-;�;�i��;---------
�����--;��-=-;����-�o:4.54-��o:33i-;_�=r:-r�a-::::::::::-[;;] 
0 . 5 15 MQ 5 = 8 2 . 09 A
0 · 4 8 8  sc0 · 2 9 5 s i- 1 · 0 1 8  ------- ( 2 3 ] 
0 . 518  MQ 10 
= 12 2 . 2 6 A0 . 5 16 sc0 � 2 8 8  S i-0 . 9 3 9 
- - - - - -
[ 2 4 ]  
0 . 5 2 0 MQ 2 5 = 1 8 5 . 84 A
0 . 557 sc0 • . 2 94 Si-0 . 9 0 6  
- - - --- [ 2 5 ]  
0 . 5 2 7  MQso = 2 4 4 . 53 A
O . S8 7 sc0 . 3 05 S i-0 . 8 9 9  
- - - - - ---
( 2 6 ]  
0 . 52 5 MQ10 0  = 2 9 1 . 3 7 A
0 . 62 0  sc0 . 3 3 9 S i-0 . 9 1 5  ---.--- ( 2 7 ]  
- - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
The reason . for the low R2 values may be due to some 
important . · variabies not being included in the analyses . 
The author only considered the 3 variables that prviousely 
used by Becker without giving consideration to other 
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variables . However , the Modified Becker ' s  equations will  
definitely give higher values of the estimated flood peaks 
for South Dakota , as their regression constants were 5 0 %  
t o  1 0 0 %  higher than their previous values i n  the original 
equations . 
Comparison of FHWA 3 -Parameter Method vs The Log-Pearson 
Type I I I  Procedure 
The calculated percent deviations for the FHWA 3 -
parameter method in Appendix B (Table B-6 ) · show that many · 
of the discharges for a particular .gaging stati on andj�r 
recurrence interval are overestimated ( negative percent 
deviations ) ,  and some are underestimated . ( pos itive percent 
deviations ) • The ranges of percent deviati.�n for the 2 - ,  
5- , 1 0- , 2 5- , s o - , and 100�year . flood peak estimate� �re 
summarized in Table 8 below .  
Table 8 .  summary of  Ranges o f  Percent Deviation for 
FHWA 3 •Parameter Method vs Log-Pearson Type III  
Procedure . 
-------- - - - - --- - - ------------ ----------------- - - - - ---- - ---
Year Range of Percent Deviation *Limiting Stations 
------------- - - - - - -------------------- - ------- - - - --- - -----
2 -9 3 4 . 17 % to + 6 6 . 54 % 68  & 5 8  
5 -6 1 9 . 9 6 % to + 7 3 . 97 % 9 5  & 5 8  
1 0  -5 0 1 . 7 1 % to + 7 5 . 10 % 19 & 5 8  
2 5  · -5 1 3 . 11 % to + 8 0 . 2 0 % 19 & 5 8  
5 0  -5 3 5 . 8 6 % . . to + 8 0 . 2 7 % 19 & 5 8  
1 0 0  -5 2 2 . 7 0 % to + 8 6 . 2 6 % 19 & 4 4. 
- - - ---------- - ----------------- ------------- - - - - ----- - - - - -
* Limiting stations are the gaging stations which have the 
most .. extreme values of percent deviation . 
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The wide range in percent deviations for the 
comparison o f  the FHWA 3 -Parameter method with the Pearson 
Type I I I  methods are due to the maximum under- or over-
estimate of  the flood peaks for some gaging ·stations , for 
example , Stations Nos . 19 , 4 4 , 58 , 68 , and 9 5 . However , 
other stations show almost as large a deviation . 
The graphs o f  FHWA 3 -Parameter method versus the log­
Pearson Type I I I  procedure in Appendix c ( Figures c-7 to 
C-12 ) for 2 - , 5 - ,  1 0- , 2 5- , 5 0- , and 1 0 0-year flood peaks 
show that the FHWA 3 -Parameter method frequently over-
estimates ( least square regression l ines with angles more 
I 
than 4 5  degrees ) the 2 - , 5- , and 10-year flood peaks , . and 
underestimates ( least square regression l ines �ith angles 
less · than 45 degrees )  the 5 0- , and 1 0 0-year flood peaks . 
The coefficients of determination , 2 ' R I between the 
two methods were calculated and their values ·are shown in 
Table 9 .  S ince the � between the two methods for various 
recurrence intervals are somewhere from 0 . 52 to 0 .. 6 6 , we 
conclude that these two methods are not closely related . 
The equations of regress ion l ines with zero 
intercepts were estimated . The intercepts were forced 
through zero as before . By observing the slopes of  the 
estimated relating regression equations shown in Table 9 ,  
the 2 - ,  s� , and 1 0-year flood peaks are overestimated ( b  > 
1 . 0 0 )  by the FHWA 3 -parameter method , and the 2 5 - , 5 0- , 
and 100 -year flood peaks are underestimated ( b  < 1 . 0 0 )  by 
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the FHWA 3 -parameter method . 
Table 9 .  Comparison of  FHWA ( 3 -parameter) with Pearson 
Type I II Procedure . 
Recurrence Coe f f icient of · Relating Regress ion Equat ion 
Interval Determination � 
2 year 0 . 52 18 
5 year 0 . 6 5 9 1  
1 0  year 0 . 6 3 8 8  
2 5  year 0 . 6 5 7 7  
5 0  year 0 . 6 3 9 6  
Q� ( 3p )  = 2 . 57 9 9  p2 
Q5 ( 3p )  = 1 . 7 3 7 0  p� 
a 10 c 3p ) = 1 . 3 0 3 9  P 1 0  
Q 2 5 ( 3p ) = 0 . 9 4 2 8  p2 5 
a s o ( Jp )  = o . 1 s 1 6  Ps o 
1 0 0  year 0 . 6 1 1 1  Q 1 0 0 { 3p ) = 0 . 5 5 1 4  P1 0 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Comparison of  FHWA 5-Parameter Method vs The Log-P�ar�on 
Type III  Procedure 
The calculated · percent deviations in Appendix B 
( Table B-7 )  show that values for a particular gaging 
station or recurrence interval · may be overestimated 
( negative values of percent deviation) , or underestimated 
( positive values o f  percent deviation) . The ranges of  
percent deviation for the 2 - , 5- , 10- , 2 5- , s o- , . and 1 0 0-
year flood peak · e�timates are summariz.ed in Table 10  . . 
The maximum valUes for gaging stations Nos . 19 , 2 1 ,  
4 4 , · s7 , 7 8  · and 9 5  have wide ranges in percent deviation 
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between the FHWA 5 -Parameter and the Pearson Type III  
methods . 
deviations . 
Table 1 0 . 
Year 
2 
5 
10  
25  
5 0  
100  
But other stations also have high percent 
Summary of Ranges of Percent Deviation 
FHWA 3 -Parameter Method vs Log-Pearson 
I I I  Procedure . 
for 
Type 
Range of Percent Deviation *Limiting Stat ions 
-9 8 9 . 64 % to + 5 0 . 2 0 % 
-6 9 5 . 4 6 % to + 4 6 . 2 2  % 
-6 19 . 4 0 % to + 67 . 3 0 % 
-6 3 4 . 78 % to + 7 2 . 6 1 % 
-6 6 3 . 4 2 % to + 7 7 . 4 2 % 
-6 4 8 . 3 8 % to + 8 5 . 00 % 
2 1  
9 5  
19 
19 . . 
19 
19  
& 5 7  
- & 7 8  
. & 5 7  
& 5 7  
& 4 4  
& 4 4  . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* Limiting stations are the gaging stations · whi ch have the 
most extreme values of percent deviation . 
The graphs o f  the FHWA 5-Parameter method - versus the 
log-Pearson Type I I I  procedure in Appendix c ( Figures C- 13  
to  c- 18 ) for 2 - , s- , . 1 0- , 2 5 - , · ·: s o- , and 1 0 0-year , flood 
peaks , show that the · FHWA s�Parameter method frequently 
overestimates the 2 - , : 5- , 10- , and 2 5 -year peak - flows and 
underestimates the 1 0 0-year peak · flow . 
. 2 S ince the values of :R between ·the two methods ,  shown 
in Table 1 1 , are from 0 . 4 9 to 0 . 62 ,  these data show that 
the two methods are not closely correlated . 
The relating 
. . 
regression . equations with zero 
intercepts were estimated . The intercepts were were forced 
through zero . Based on the slopes given in Table  1 1 , the 
2 - , · 5- , and · 1 0 -year flood peaks are overestimated ( b  > 
5 1  
1 . 0 0 )  by the FHWA 5-parameter method , and the 2 5- , so- , 
and 100-year flood peaks are underestimated ( b  < 1 . 0 0 )  by 
the FHWA 5 -parameter method . 
Table 1 1 . Comparison of FHWA ( 5-parameter) with Pearson 
Type III  Procedure . 
Recurrence Coefficient of 
Interval Dete�ination 
R2 
Relating ·Regress ion Equation 
2 year 0 . 49 13 Q2 ( 5p )  = 2 . 8 6 3 8 . p·2 
5 year 0 . 6 12 1 Q s ( Sp )  = 1 . 9 18 3 Ps 
1 0  year 0 . 6 1 04 Q lo ( Sp )  = 1 . 4 58 7 P 1 o  
2 5  year 0 . 6 1 1 1  Q 2 5 ( 5p )  = 1 . 04 3 1 P 2 5 
5 0  year 0 . 59 6 0  Q-s o  ( 5p )  = 0 . 8 3 3 7 P s o  
1 0 0  year 0 . 57 6 0  Q-1 0 0  ( Sp )  ::. 0 .  6 15'3 P 1 o o  
--------------------------------------------------� �--------
The reason for the overes�imate and underestimate of 
the various flood peaks by the FHWA 3 -parameter and 5-
parameter methods was mainly due _ to insufficient number of 
gaging stations . included in FHWA � s analyses . Only 18 
gaging stations in south Dakota were used in the analyses : 
2 from Z one 12 , 14 from Zone 13 , and 2 from Z one 14 .  
Another factor that affected the accuracies of these 
methods might be due · to the author ' s  incorrect assumption 
that the main channel slope ( calculated from the 
elevations at 1 0- and a s-percent of the stream l ength) is 
approximately equal to the channzl slope calculated 
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between the most distant point from the gage on the water-
shed . 
It is  clear from the above tests that the FHWA 3 -
parameter and 5-parameter equations frequently over-
estimated the flood peaks of return period less than 2 5  
years , and underestimated the flood peaks o f  return period 
greater than 2 5  years . Backward el imination was used to 
develop the best-fitted regression equations for the 
Modified FHWA method . The equations and �2 for the various 
zones and recurrence intervals are shown in the Tables 12 , ·  
13 , and 14 .  
The Modi fied FHWA equations have the h ighest values 
of R2 for Z one 1 4 . The Modi fied FHWA equations gave Zone 
13 the lowest R2 ' values amoung the three zones . The reason 
for the low values of  R2 . might be - the large - area , in�uf · 
Table 12 . The Modi fied FHWA Equations And Their · R2 Values 
For Z one 12 , Obtained From The Analyses of  3 3  
Gagin� : Stations In South Dakota . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Modified FHWA Equations For Z one 12 
��;�;----;�;-=-��;�-�o:474-��o:464-;io:2ao-::::::::::-(;;] 
o . s 6 o  Mqs � 0 . 7 7 A
O . S l4 sc 0 . 4 12 Ri 0 . 7 02 ---------- [ 2 9 ]  
0 . 8 5 1  Mql .O � 0 . 64 A
0 . 54 7 sc 0 . 4 07 Ri 0 . 84 9  - - - - - -- - - - - [ 3 0 ]  
0 . 8 12 Mq2 5  = -1 . 58 
· A0 . 58 8 sc 0 . 3 7 7  Ri 0 . 7 68 - - - - - - - - - - ( 3 1 ]  
0 . 7 9 6 - Mqso � 1 . 2 4 A
0 . 6 13 sc 0 . 3 6 7  Ri0 . 8 9 9  - - - - - - - - - - ( 3 2 ] 
D . 7 67 Mql O O  = 1 . 5 3 A
0 . 64 8 sc 0 . 3 7 8 Ri0 . 8 9 8 ----- ----- ( 3 3 ] 
- - - - - - - - - - - � - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 13 . The Modified FHWA Equations And Thei r  R2 _ values 
For Zone 1 3 , Obtained From The Analyses of  6 6  
Gaging Stations I n  South Dakota . 
R2 Modified FHWA Equations For Z one 13  
���;�----;�;-=-���;;-�o:4os-;i=o:9ss-;io:sa2-::::::::-[;�) 
0 . 5 6 3  Mq5 = 8 . 3 2 A0 •
4 50 S i-0 • 8 4 3  Ri 0 . 8 4 8  - - ----- - - [ 3 5 ]  
0 . 57 6  Mq 1 0 = 9 . 14 A0 • 5 1� S i-0 • 7 7 6  Ri 0 . 9 18 - - - ---- -- [ 3 6 ]  
0 . 57 2  Mq2 5 = 13 . 8 4 A0
. 5 1 6 Si -0 . 7 3 5 Ri 0 . 92 5  - --- - - - - [ 3 7 ] 
0 .  567  Mq50 = 2 2 . 4 9 A 
O • 54 0 S i  -0 • 72 0 Ri  0 • 8 8 5 --- ------ [ 3 8 ] 
�:���--��1��-=-��:��-������-��:�����-�����=�-========-��=� 
Table 14 . The Modified FHWA Equations And Thei r  R2 Values 
For Z one 14 ,  Obtained From The Analyses of 12 
Gaging Stations In South Dakota . 
R2 Modified FHWA Equations For Zone 14 
��;;;----;�;-=-����-�=o726s-;�o:944-��I:7si-.;��=2:-384-(��] 
0 . 9 3 2  Mq5 = 2 . 19 A-0 . 4 4 0 Sc 1 . 3 00 
.
Lp 2 . 6 1 5  �6 0
- 5 . 3 0 2 [ 4 1 ]  
0 . 9 2 2  Mq10 = 2 . 7 1 A
-0 . 3 1 9 
0 . 9 10 Mq2 5  = 2 . 9 5 A
-0 . 2 0 5  
0 . 9 10 Mq s o  = 5 . 2 0 A-0 . 07 5 
sc 1 . 3 62 
sc _1 .  4 62 
sc� - 4 79 
Lp 2 . 54 1  p6 0  
Lp 2 . 52 8  p6 0  
Lp 2 .  4 15 p6 0  
-5 . 2 2 3  [ 4 2 ]  
- 5 -. 2 4 3 [ 4 3 ]  
-5 . 5 67 [ 4 4 ]  
0 .  9 0 3  Mq l O O = 11 . 6 9 A 0 • 0.99 sc:l ·  4 6 1 Lp 2 .• 18 0 p 60
.- 5 . 9 6 8 [ 4 5 ]  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - -
ficient number of representing gaging stations , and insuf­
fucient l ength of  flood record included in the analysis .  
Also Z one 13  was the. driest zone as compared to the other 
zones ; so·, the lower the rainfail , the greater the 
variation in annual peak flows of the streams . All of 
these might contrib.ute to the low R2 values for Z one 1 3 . 
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CONCLUSIONS AND RECOMMENDATIONS 
The three methods or techniques tested for estimating 
flood peaks on unregulated drainage bas ins did not have 
acceptable accuracy when compared with the observed data 
shown in Table 4 .  When these methods were appl i ed to the 
111  gaging stations , the results obtained were often 
either s ignificantly above or below the U . S . G . S . data . 
However , errors may be present in the U . S . G . S . data as 
well . 
The conclusions drawn from this study are : 
1 . The Becker ' s  method does not compare wel l  with · the 
log-Pearson Type III procedure . The estimated 
flood peaks by Becker ' s  method for all  the 
recurrence intervals are underestimated a.s 
compared to that of the calculated values _ obtained 
by the log-Pearson Type III procedure . 
2 .  The FHWA 3 -parameter method , l ikewise , does not 
compare well  with the log-Pearson Type I II pro­
cedure . This method overestimated the 2 - , 5- , and 
1 0-year flood peaks , and underestimated the so­
and 1 0 0-year flood peaks , as a whole , as  compared 
to the calculated values obtained by the log-
Pearson Type III procedure . 
3 . The FHWA s-parameter method also does not compare 
well with . the log-Pearson Type III procedure in 
.. 
., 
• 
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South Dakota . The 2 - , 5- , and 10-year flood peaks 
are overestimated by the FHWA 5-parameter ,  and the 
s o - , and 1 0 0-year flood peaks are underestimated , 
as a whole , as compared to the calculated values 
from the log-Pearson Type III procedure . 
4 .  The Modified Becker ' s  ( equations 2 2  through 2 7 ) 
and Modi fied FHWA ( equations 2 8  through 4 5 )  
methods should give a better estimati on o f  the 
flood peaks in South Dakota than the i r  original 
methods ,  as they are developed with updated flood · 
records . 
The author recommends that the Modified Becker ' s  
Equations should be used to replace the original Becker ' s  
equations , in order to have better estimate o f  �es i_gn 
flood peaks for drainage structures in South Dakota . 
Because the Modif ied Becker ' s  method was updated with new 
and additional flood data , it shquld better estimate the 
flood peaks in South Dakota than the original Becker ' s  
method . 
The author recommends that the Modif ied FHWA method 
should be placed in the first preference as the method to 
estimate the flood peak needed in any des ign o f  ·drainage 
structure in South Dakota . This improved method should be 
more accurate than the · other methods tested in this 
investi�ation ; · even better than the Modified Becker ' s  
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method , because this  method has highest � values , based 
on the comparison with the updated log-Pearson Type III  
flood peaks . 
Another point that the author must emphas i z e  i s  
that the Modified Becker ' s  and Modi fied FHWA methods only 
apply to South Dakota . 
A maj or problem during the investigation was 
obtaining sufficient data . This lack of  data ( recorded 
rainfall and resultant runoff)  was due . to the semiarid 
cl imate and the lack of long-term records . of hydrologic " 
data in South Dakota . The semiarid cl imate required . a 
relatively long period of data collection to obtain a 
representative sample . As more. years of record become 
available at each location , the determinations o f  flood 
potential and magnitude may change . Thus , · · the author 
recommends that the Modi fied Becker ' s  and the · Modi fied 
FHWA methods be updated in a few years , say in 5 years . 
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GLOSSARY 
The following definitions of the terms were taken 
from "Nomenclature for Hydraul ics , " Manual· 4 3 ,  American 
Society of Civil Engineers , 19 62 . For more technical 
definitions of statistical terms , see " Dictionary of 
Statist ical Terms " by M. G.  Kendall  and w. R. Buckland , 
Hafner Publishing Company , New York , 1 9 5 7 . 
Coefficient o f  skewness -- A numerical measure or index of 
the lack of  symmetry in a frequency distribution . rt · 
is a measure of asymmetry defined as functi on o f  the 
third moment o f  flood magnitudes about their mean . 
Also called " coefficient of skew" or " skew 
coef ficient . "  
Distribution -- A function describing the rel a.tive 
frequency with which events ( eg .  flood )  o f  · ·v·arious 
magnitudes occur . 
Flood-frequency curve -- A graph · showing the -relationship 
between recurrence interval as abscissa and flood 
magnitude as ordinate . 
Flood peak -- The highest value of the discharge attained 
by a flood ; thus peak disch�rge . 
Gaging station .-- A particular site on a stream where 
observations of discharge are obta.ined . 
General i z ed skew coefficient -- A skew coefficient derived 
by a procedure ( recommended by u . s .  Water Resources 
Council ) which integrates skew values obtained at 
many neighboring gaging stations . 
outl ier -- outl iers ( extreme events ) are data points which 
depart from the trend of the rest of  data . 
Population · - - The entire (usually infinite ) number of  data 
f·rom which a sample ·is taken or col lected . 
6 1  
Recurrence interval - - The average interval of  t ime within 
which the given flood will be equaled or exceeded 
once . 
Sample - - An element , part , or fragment of  a "population . "  
Every hydrologic record is a sample of a much longer 
record . 
Standard deviation -- A measure of the dispersion or 
precision of a series of statistical values such as 
precipitation or streamflow .  It is the square root of 
the sum of squares of the deviations from the 
arithmetic mean divided by the number of  values ' or 
events in the series . It is now standard prac·t ice in 
statistics to divide by the number of values  minus 
one , in order to get an . unbiased estimate o f  the 
variance from the sample data . 
Stream-gaging station �- A gaging station where a record 
of discharge of a stream is obtained . Within the u.s. 
Geological Survey , this term is used only for those 
gaging stations where a continuous record of 
discharge is  obtained . 
Trans formation -- The change of numerical valu�s of  data 
to make later computations easier , to l i neari z e· a 
·plot , or to normalize a skewed distribution by ·making 
it more nearly a normal distribution . The most common 
transformations are those changing ordinary nume�icql 
values into their logarithms , · square roots or cube 
roots ; many others. are possible .  
Variance - - A measure of the amount o f  spread o r  
dispers ion of a set of data values around their mean , 
obtained by qalculating the mean value o f  the squares 
of the deviations from the mean , and hence equal to 
the square of the standard deviation . 
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APPENDIX A 
. LIST OF SYMBOLS 
6 3  
LIST O F  SYMBOLS 
A - drainage area of the watershed 
b - slope o f  least-square regression l ine or regres-
s ion coef ficient 
c - runoff  coe fficient used in the Rational formula 
DH - difference in elevation between the most distant 
G 
I 
Lm 
MQlO 
MQ.2 5  
MQ5 0  
MQlOO 
Mq 
2 
Mq 
5 
Mq
lO 
Mq
2 5  
point and the drainage structure 
- skewness or skew coefficient 
- average rainfall intensity 
- maximum length of travel of water 
principal drainage channel length 
- the 2 -year flood peak defined by Mod i fied Becker-' s  
method 
- the 5-year flood peak defined by Mod i fied Becker ' s  
method 
- the 1 0-year flood peak defined ·. by Modified 
Becker ' s  method 
- the 2 5-year flood peak defined by Modified 
Becker ' s  method 
- the so-year flood peak defined by Modified 
Becker ' s  .method 
- the 1 0 0-year flood peak . defined by Modi fied 
Becker ' s  method 
- the 2 -year flood peak defined by Mod i f ied FHWA 
method 
·- the 5-year flood peak defined by Mod i f ied FHWA 
method 
- the 1 0-year flood peak defined by Mod i f ied · FHWA 
method 
- the 2 5-year flood peak defined by Mod i fied FHWA 
method 
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- the S O-year flood peak defined by Modi fied FHWA 
method 
- the 1 0 0-year flood peak defined by Mod i f ied .FHWA 
method 
P - total precipitation 
P6 0  - 1 0-year , 6 0-minute rainfall 
P2 - the 2 -year flood peak defined by log-Pearson Type 
III  fitting 
Ps - the s-year flood peak defined by log-Pearson Type 
III  fitting 
P1 o  - the 1 0-year flood peak defined by l og-Pearson 
Type III  fitting 
P2 5  the 2 S -year flood peak defined · by l og-Pearson · 
Type III  fitting 
Pso  - the S O-year flood peak defined by l og-Pearson 
Type III  fitting 
- the 1 0 0-year flood peak defined by l og�Pe�rson 
Type III  fitting 
Q ronof f  for the watershed 
Qp - peak runoff  rate for the watershed · 
Q2 - the 2 -year flood peak calculated by Becker ' s  
method 
Q2 • 3 3 - mean annual flood peak defined by FHWA 
- the s-year flood peak calcQlated by Becker ' s  
method 
- the 1 0-year flood peak calculated by Becker ' s  
method 
- the 2 S -year : flood peak calculated by - B�cker • s  
method 
- the S O-year flood peak calculated by Becker ' s  
method 
- the 1 0 0 -year flood peak calculated by Becker ' s  
method 
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ql O . the 1 0-year flood peak defined by FHWA 
Q2 ( Jp )  - the 2 -year flood peak calculated by FHWA . 3 -parameter method 
Q5 ( Jp )  - the 5 -year flood peak calculated by FHWA 3 -parameter method 
Ql0 ( 3p )  - the 1 0-year flood peak calculated by FHWA 3 -parameter method 
Q2 5  ( 3p )  - the 2 5-year flood peak calculated by FHWA 3 �  parameter method 
Q50 ( 3p )  
- the s o-year flood peak calculated 'by FHWA 3 -
parameter method 
Ql00 ( 3 p )
- the 1 0 0-year . flood peak calculated by FHWA 3 -
parameter method 
Q2 ( 5p )  - the 2 -year flood peak calculated by FHWA 5 -parameter method 
Q 5 ( 5p )  - the 5-year flood peak calculated by FHWA 5-parameter method 
Q 10 ( 5p )  the 1 0-year flood peak calculated by FHWA 5 -parameter method 
Q 2 5 ( 5p )  - the 2 5-year flood 
·peak calculated · by _ FHWA 5-
parameter method 
. Q SO ( Sp )  
- the 5 0-year flood peak calculated by FHWA 5-
paramet�r method 
Q 1 00 ( Sp ) -
the 1 0 0-year flood peak calculated by FHWA 5-
parameter method 
Ri - iso-erodent factor 
s - potential maximum retention of water by . the soil 
Sc - main channel slope 
SL - slope between the most remote pain� and the out-
let 
S i  soil -infiltration index 
tc - time o f  concentration 
A P P EN D ) X  8 
C O MP L E TE L I ST O F  THE C O M P UTER P R O G R A M  WH I CH C O M P UT E S  THE 
2 - , 5 - , 1 0 - , 2 5 - , 5 0 - , . A N D  1 00 - Y�AR FL O O D  P E A K S  F O R  
B E C K E R ' S  M E T H O D , A N D  FEDERAL H I G HW A Y  ADM I N I S T R A T I O N C 3-
P A R A M E T E R  A N D  5 - P AR A M E T E R > M E T H O D S , · A N D  T H E  I N P U T  D A T A  A N D 
P R O G R A M  O U T P U T . 
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Cl 
10 REM t t t t t t t t t t t t t t t t t t t t t t t t tt t t t t t t t tttt t t t t t t t t t t t t t t t f. t t t t t t t t t t  
20 R E M  I THES I S  COI1PU TER PROGRAM t 
30 REM I T H I S  I S  A COMPUTER PROGRAM WR I T TEN BY CHA I CHEE K l AN .  THE t 
35 REM I PROGRAM CALCULATES THE FLOOD PEAKS FOR 2 - ,  5 - ,  10- , 25- , t 
40 REM I 50- , AND 1 00-VEAR RECURRENCE I NT ERVALS BY US I NG : 1 
45 REM I ( a ) . BECKER ' S  ( U . S .  GEOLOG I CAL SURVE Y )  �E THOD 1 
50 REM I ( b ) . FHWA ( 3 -PARAME TER AND 5-PARAME TER)  ME THODS I 
55 REH I AND THE I R  PERCENT DEV I AT I ONS ARE CALCULATED AS THEY ARE 1 
bO REM I COMPARED TO T HAT OF LOS-PEARSON T YPE I I I  PROCEDURE . I 
65 REM l t t t t t t t t t t t t t t l t t l tt t t l t t t t t t t t t t t t t t t t t t t t t t t t t t tl l t t t l t t t t t t 
1 00 REH t t l t l Feder a l  Hi ghway Ad�i n i st r at i on Method l t t t t  
1 1 0 R E M  t t t l l t t l t t t t t l l t t t t t t t t t t l t t t t t l t t t t t t t t t t l l t t l t t  
1 20 REM  1 1 1 1 1 Descr i pt i on of Var i ab l es l t t l t 
1 30 REI1 t t t t  Z = Hydr ophys i ograph i c  z one 
1 40 REM 1 1  QlO = Est i aate of  t h e  1 0-yr r unof f peak  in c f s  
1 50 REM Q 1 03P = E s t i aate o f  t he 1 0-yr r unof f peak  usi ng 3 par amet er s 
1 60 REM Q 1 05P = E s t i aate of t h e  1 0-yr r un o f f  peak us i ng  7 p ar aaet er s 
1 70 REM A = Wat er shed ar ea , i n  s q .  •i l es 
1 80 REH QPHAX = P r obab l e  m ax i aum . r unof f , i n  c f s  
1 90 REH R = I so -er odent f ac t or 
200 REH DH = E l eva t i on d i f f er en c e , aeasured i n  f t  
2 1 0  REI1 S = Per c ent sur f ac e  water stor ag� a r ea , in · x 
220 REH l = Pr i nc i p a l  d r a i nage c h annel l engt h ,  i n  ti l es 
230 REI1 Sl = Channel  s l ope 
240 REH P60 = 1 0-yr , 60-ai nute r a i nf a l l , i n  i nches 
2�0 REH STAN = St a t i on number 
260 REH S I NF = Soi l - i n f i l t r at i on i ndex , in i n c h es 
300 CLS 
3 1 0  I NPUT • How aany set s  of hydrol og i c a l  d a t a  you want ·t o  use " , N . 
320 D I H  Q 1 03P < N t , Q 1 05P C N > , QPHAX C N t , STAN ( �) , PW t N t , A C N J , Z t N t , R ( N l , ti� t N J , S 
( N l ,  SU N ) , U N ) , P60 < N t , S I NF ( N ) , Q2 . 333P C N J , Q23P ( N l , Q53P ( N ) , Q253P ( N J , Q50.3P 
<N l , Q 1 003P ! N t , Q2 . 335P ( N ) 1 Q25P ( N l , Q55P C NJ � �255P C N J , Q505P C N ) , Q 1 005P C N J  
330 REH l t t fl l t l t f t t l t l t t t tt l t t t l l l t tft t tt t t t t t t l t t t t t t tt t t t t t t t l t t t tt 
340 REM Ili ff Subr out i ne to read and  c ount the hydrol og i c a l  d a t a  fl t lt 
350 REH t t l t l l l t t t t l l t l t t t t t t t t t t l l l t t t t llt*tttt ft l ll t l t t t t t t t t t l l t t t l  
3 7 0  F O R  I = 1 TO N 
380 READ STAN ( J t ,  Z ( J ) , R ( l t , PbO C U , A < D , SU U ,  U l ) � S C U , S I NF < U  
390 I F  STAN ( ! ) = -999 THEN 4 1 0  
400 NE X T  I 
4 1 0  PR I NT • no you want to r evi ew t h e  d a t a  ? ( Y / N J  • I NPUT REV$ 
420 IF  REV$ = 'N• THEN 760 
430 REH 
440 REM HHI . Subr out i ne to r evi ew the dat a t HH 
450 REI1 
452 PR I NT • no .  St � .  Z on e  I so-er o .  60-ei n .  Ra i n  Area S l ope leng t h  St o r e  
n f i P  
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454 PR I NT •----- ------------------------------------------------ ----------------
_ _ _ _  1 
45b T T$ = 'Ill 111111 II ltl l . tl ltl . tl 111 . 11 11 . 11 11 . 11 • 
. II • 
460 FOR I = 1 TO N-1 
470 PR I NT US I NG TTf;  I ,  STArH D , H D , R t l l , P60 < I > , A ( I l , SU D ,  U l l , S U l , S I  
NF ( I )  
500 I F  I - X < 20 THEN 5 1 7  
5 1 0  PR I NT 'Af t �r chec k i ng 2 0  va l ues , pre�s any k ey t o  c ont i nue • I NPUT B l  
5 1 5  X = X + 20 
5 1 7  NE X T  I 
520 REM t i tt tl l t t l t t t i l t f t t l t t f l f t t t t t t f t l t t t t t t t t t  
530 RE" 11111 Subrou t i ne to change Mrong dat a ll f tt 
535 RE" ttlt t t t t t t t t t t t t t t t i t t f t t t t t t t t t l l tt t t l t t t t  
540 PR I NT ' I s  the data O. K .  ? ( Y/N)  1 : I NPUT DTt 
550 IF DT$ = 'Y" THEN 760 
560 PR I NT "Enter t he bad I va l u e  t h at you •ant to change • : I NPUT B I  
5 7 0  PR I NT : PR I NT B I , A \ B I ) , Z \ B i l ,  S ( B l l , SL \ B I } ,  L ( B J ) , Pb0 ( 8 I ) · 
580 PR I NT : PR I NT ' I !:. t he ar e a , A i.n error ? ( Y/N}  • : I NPUT DT U 
590 I F  DT t $  = • v •  THEN 6 1 0  
600 PR I NT ' Enter neM area • : I NPUT A ( B l l 
6 1 0  PR I NT : PR I N T  ' I s t he hydrophysi ogr agh i c  z on e ? ( Y / N l ' : I NPUT DT2$ 
620 I F  DT2f = • y •  THEN b40 
630 PR I NT "Ent er neM hydr ophysi ographi c z one , Z • : I NPUT Z < B I )  
640 PRINT  : PR I NT ' I s the percent sur f ac e  Ma ter stor age ar ea , S i n  er r or ? ( Y/N) • 
: .I NPUT DT3$ 
650 IF DT3$ = •y • THEN 670 
660 PRI NT "Enter neM per cent sur f ac e  Mat er stor age ar ea , s• : I NPUT S ( Bl} 
670 PR I NT : PR HH ' I s  the c hannel sl ope , SL i n  er ror .? ( Y /Nl  • I NPUT DTU 
680 I F  DT4$ = •y• THEN 700 
690 PR I NT •Enter neM chann e l  sl ope , Sl • : I NPUT SL ( B I J 
700 PR I NT � PR I NT ' I s  the c hannel l engt h ,  l i n  err or ? ( Y/N) " I NPUT DT5t 
7 1 0  IF DT5$ = • y •  THEN 7l0 
720 PR I NT 'Enter neM c hannel l ength , l 1 : I NPUT l f 8 I ) 
730 PR I NT � PR I NT ' I s the· 60 -ai nutes r a i n f a l l , PbO i n· er r or ? ( Y /NJ • I NPUT DTb 
$ 
740 I F  DTb$ = •y •  THEN 7�0 
750 PR I NT " Enter new 60-ai nut e r a i n f a l l ,  P60 • :  I NPUT P60 ( Bl l · 
760 PR I NT w oo y ou want to pr i nt out the data ? ( Y/N) • : I NPUT DT7$ 
770 I F  DT7S = 'N" THEN 860 
772 T l S  = ·  T ab l e B- 1 .  Water shed Dat a  For 1 1 1  Gagi ng St at i ons i n  Sout h Dakot 
a •  
773 lPR I NT T l $  · 
775 TSS = · Obt ai ned Froa U.S. Geol ogi cal  Sur vey• 
778 LPR I NT TSt 
780 T2$ =· ---- --- - -� ------------------------------------ ---- ------------ - -
- •  LPR I NT T2S 
68 
784 TT1t  = •no .  Sti .  no. Arei Zone lso-ero Sl ope Storige Length  P•o 
l nf i l . '  
786 LPR INT T T 1 t  
790 TT2t = I sq. ai ft/ai 1 t i l es in.  
i n .  I 
796 LPRINT TT21 
798 TTlt = • - - - - - - - - - ------- -------------------------------------- ------ --------
- - - - - - - - - · 
800 LPRINT TTl$ 
8 1 0  LPR I NT 
820 Tt = 'Ill 1111111 111 . 11 II 
• • ••• • 
830 FOR I = 1 TO N-1 
Ill 111 . 11 11. 11  111 . 11 1 . 111 
840 LPRI NT US INS Tt ; I ,  STAN < I t , A t l ) , Z t l ) , R ( J ) ,  Sl ( J ) , S ( J ) ,  l t l } , PoO ( J ) , Sl 
Nf ( l )  
842 IF I - X l  < 40 THEN 850 
844 PRINT ' Ad just the pr i nter and press any key to conti nue • : INPUT 82 
846 Xl = 11 + 40 : LPR INT T1t : LPR INT TS$ : LPR INT T2t : LPR INT T T 1 t  : LPR I NT T 
T2f : LPRINT TTl$ 
850 NEXT  I 
860 DEF FNLOGBB (K )  = LOS <K) /l06 ( 1 0) 
870 RE" 
880 RE" tttl Cal cul ate e l evat i on d i f ference,  DH tlltt 
890 RE" 
900 FOR I = 1 TO N-1 
910 DH ( I )  = Sl ( l }  t L C I )  
920 RE" tllltltttltttlltlltttlltttttltltttttltttttlttttllltl 
930 RE" ttttt Cal cul ate QP"AX , probab l e  aax i aua runof f 11111 
940 RE" ttttttttttttttttttttttttttttttttttttttttttltt�tttttt 
. 
950 PN C I )  = 1. 92 + . 8 1 2tFNLOS88 (A ( I } )  - . 0325tFNLOGBB <A( I ) ) tFNLOSBB <A( J ) )  
960 QP"AX ( I )  = 1 0A (PN ( J ) )  
970 RE" tttttttttttttttttttttttttttttttttttttttttttt 
980 RE" ttttt Cal cul ate QlO usi ng l par aaeters t tltl 
990 RE" tttlttttttttttttltttttt ttttttltttttltttttttt 
1000 IF Z t l ) = 1 2  
THEN Q 1 03P ( I )  = . 0 1961  I ( A ( l ) ) A. 47291 • ( R ( l ) ) A l . 68758 I (DH( J ) ) A . l07 
10 10  I F  Z < I l = l l  
THEN Q103P ( I )  = 6. 181 1 5  t (A ( J ) ) A. 66694 I (R ( J ) ) A. 87434 t <DH ( l ) ) A. 0 1 023 
1020 I F  Z ( I )  = 14  
. 
THEN Q 1 03P C I )  = . 00353 I (A ( I ) ) A . 42562 I CR ( J ) ) A1 . 64552 t <DH( J ) ) A. 8268 
1030 RE" ttllttlttlttttlttttttttttttttttttttttttttttt 
1040 RE" ttttt Calcul ate· Q10 usi ng 5 par aaeters ttttt 
1050 RE" tt�ttttttttttttttttttttttttttttttttttttttttt 
1060 IF Z C I J  = 1 2  
THEN U t 05P ( ( )  = . 00404 I C A U H "-. l.357 t CR U > 1 "2 . 0 1 l6 t (DH U ) ) " . 29 1 3  t 
<L < I J ) " l . 0946 t C P60 ( 1 J l "-. 288l 
1 070 If 1 ( 1 )  = t l  
THEN U I 05P ( I )  = 1 9 . 0892 t (A ( I ) ) ". 7919 t CR ( J ) ) ". 5 162 t CDH C I J ) " . 0065 t 
(L ( f ) ) "- . 2461 I CP60 ( ( } ) " . 9859 
l OBO IF 1 ( 1 )  = 1 4  
THEN Q 1 05P ( I )  = 10"-3. 0471  I <A �I ) ) " . 9278 t (R ( J } ) " 1 . 9168 t (DHC I ) } " 1 . 05 
34 t (l ( J ) ) "- 1 . 1 568 t (P60 ( 1 ) } "- . 2637 
1090 NEX T  I 
1 100 RE" 
1 450 RE" t tttttttttttt ttttttttttttttttt tttttttttttttttttttttttttt ttttttttttttttt 
1 460 RE" ttttt  To c a l c u l ate Q ' s  for 2- , 2 . 33- ,  5-,  25- , 50- , 100-yr .  f l ood peaks 
1 470 RE" ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt . 
1 480 RE" 
1 490 RE" ttttt f l ood peaks est i aated usi ng 3 p ar aaeters onl y  tttttt 
1 500 RE" tttttttttttttttttttttttttttttt ttttttt lftttt ttttttttttttttt 
1 50 1  DEF fNLOGBB CFl  = L06 (f) /l06 ( 10)  
1 502 F25 = < FNL06BB < 2S l -FNL06BB C 10l ) / (FNLOSB8 ( 50} -FNL06B8 ( 10} ) 
Jj04 F5 = ( fNLOG88 ( 5 } -fNLOSBB < 2 . 33l ) / (fNL0688 ( 1 0J -FNL0688 (2 . 3ll } 
1 506 F 2  = CfNl068B ( 2 . 33J -FNl0688 ( 2 ) ) / (fNL068B ( 10l -FNL06BB C 2 . 33 ) } 
1 51 0  FOR I = 1 TO N- 1 
1 520 U2 . 333P ( I I  = . 46�2 1 t (Q103P C I ) ) " 1 . 00243 
1 530 9503P < I J  = 1 . 45962t (Q103P ( I ) J " l . 02342 
1 540 Q 1 003P < I l  = 1 . 6438t CU103P ( I ) I " 1 . 0291 8  
1 545 925 = f 2 5  t ( FNL 068B (Q503P ( I ) )  - FNLD6BB <U103P U ) ) J + FNl06BB l9103P ( I ) )  
1550 Q253P U }  = 1 0"'925 .. 
1 555 95 = FS t ( FNL0688 (9103P < I > I ·- FNL06BB C92. 333P ( ( ) )  t + FNl06BB l92. 333P U H . 
1 560 Q53P < I )  = 10"95 
, 
1 565 92 = FNLOG88 (92. 333P ( I } ) - F2 t ( FNLD6BB <Q103P C I ) )  - FNLOSBB t92. 333P ( I ) } ) 
1 570 Q23P < I l  = 10"Q2 
1580 RE" t ttttt ttttttt tttftttttt tt ttttt tttttttttttttttt 
1 590 RE" t t t t  P!ak Di scharges Us i ng 5 Para�eters tttttt 
1 600 RE" t t t tttttttttt tt tttttt ttttttttttttttttttttttttt 
1610 Q2. 335P ( I }  = . 4692 1  t ( U 105P t l )  ) "1 . 00243 
1 620 Q505P ( I )  = 1 . 45962 t ( Q 1 05P < I }  ) " 1 . 02342 
1630 Q1005P l l l  = 1 . 6438 t ( Q lOSP < I l  ) " 1 . 02918 
1 635 925 = F25 t < FNL068B t9S05P ( J ) )  - FNLOGBB t910SP < I ) )  ) + FNL0688 (Q105P ( I ) )  
1640 Q255P ( l )  = 10"925 
1 645 QS = F5 t ( FNLOGBB ( QlO�P U l l - FNL068B f92. 335P U ) )  ) + FNL0688 (92 . 3l5P U U  
1650 Q55P < I l  = 10"95 . 
1 655 02 = FNLOSBB < Q2� 335P < I l l  � F2 1 ( FNL06BB t91 05P t l ) ) - FNL068B t92. l35P ( I ) ) )  
1660 Q25P·< ( ) ·= l 0"'Q2 
1 670 NEH J . 
1 700 RE" 
7 0  
1800 RE" tttttttttttttttttttt 
1810 RE" fffff DATA SET IIIII 
1 820 RE" ttttttttlttt tllltttt 
1 830 RE" STAT I ON ,  ZONE , I SO-ERDDENT , 60-"IN. RA INFALL , AREA, SLOPE , 
1 835 RE" LENGTH, STORAGE , SO It -INF ILTRAT ION 
1 840 DATA 528995, 1 2 ,  7 7 ,  2 . 03 ,  4 . 2 1 , 167. 8,  5 . 1 3 ,  1 . 5 , 2 . 99 
1850 DATA 529260 , 1 2 ,  76 , 2 . 06 ,  8. 1 5 ,  53.0 ,  4 . 7 ,  1 . 5 ,  2 . 99 
1 860 DATA 635540,  1 3 ,  53, 1 . 73 ,  3 . 07 ,  69 . 2 ,  2 . 6 ,  0 . 0 ,  3. 1 6  
1870 DATA 6356 1 5 ,  1 3 ,  53 , 1 . 68 ,  1 . 69 ,  77 . 2 ,  2. 28 ,  0 . 2 ,  2 . 66 
1 880 DATA 635852,  1 3 ,  55 ,  1 . 86 ,  0. 3 ,  1 57. 7 ,  0. 95 ,  0 . 0 ,  3 . 5 1  
1 890 DATA 635854 , 1 4 ,  57 , 1 . 87 , 0 . 62 ,  46 . 7 ,  1 . 20 ,  0 . 0 ,  3. 5 1  
1 900 DATA 635855, 1 3 ,  53 , 1 . 73 ,  1 . 57 ,  93. 3 ,  2. 59 ,  0 . 2 ,  2 . 5  
1 9 1 0  DATA 635860 , 1 3 ,  53 , 1 . 7 1 ,  2 . 33 ,  1 2 .63,  7 . 60 ,  0 . 0 ,  2 . 5  
1 920 DATA 635930 , 1 3 ,  53 , 1 . 77 ,  1 . 26 ,  85 . 0 ,  1 . 70, 0 . 5 ,  2 . 5  
1 930 DATA 635985 , 1 3 ,  53 , 1 . 86 ,  4 . 1 6 ,  30 . 6 ,  5 . 0 ,  0 . 6 ,  2. 5 
1 940 DATA 636035 , 1 3 ,  53 , 1 . 84 ,  2 . 09 ,  31 . 4 ,  3. 90 ,  0 . 5 ,  2 . 5  
1 950 DATA 636 1 02 ,  1 4 ,  58 , 1 . 89 ,  27. 1 ,  23 . 5 ,  7 . 55 ,  0 . 0 ,  3 . 5 1  
1 960 DATA 639620 , 1 3 ,  37 , 1 . 70 ,  0� 64 ,  68 . 9 ,  1 . 60 ,  0 . 0 ,  1 . 76 
1 970 DATA 639630 , 1 3 ,  3 7 ,  1 . 73 ,  0 . 09 ,  282. 0 ,  0 . 52 ,  0. 0 ,  1 . 76 
1 980 DATA 639635 , 1 3 ,  37 , 1 . 75,  0. 20 ,  1 7 1 . 0 ,  0 . 82 ,  0 . 0 ,  5 . 38 
1 990 DATA 639930 , 1 3 ,  37 , 1 . 75 ,  3 . 74 ,  28 . 74 ,  4 . 60 ,  1 . 9 ,  1 . 76 
2000 DATA 639970, 1 3 ,  4 2 ,  1 . 74 ,  7. 36 ,  56 . 7 ,  3 . 88 ,  0 . 0 ,  1 . 76 
20 1 0  DATA 640090 , 1 3 ,  40 , 1 . 77 ,  1 . 52 , 59 . 2 ,  2 . 4 5 ,  0. 1 ,  1 . 76 
2020 DATA 6402 1 0 ,  1 3 ,  37 , 1 . 75 ,  3 . 8 1 , 161. 5 ,  4 . 1 5 ,  0 . 0 ,  5. 38 
. 2030 DATA 640400 , 1 3 ,  3 7 ,  1 . 78 ,  66 . 0 ,  79 .57 ,  1 5 . 5 ,  1 .0 ,  5 . 38 
2640 DATA 640500 , 1 3 ,  35 , 1 . 77 ,  25. 3 ,  9. 18,  1 2 . 9 ,  0 . 2 ,  5 . 38 
2050 DATA 6406 1 0 ,  1 3 ,  37 , 1 . 79 ,  3. 49 ,  59 . 9 ,  3 . 70 ,  0 . 4 ,  5. 38 
2060 DATA 640675 , 1 3 ,  35 , 1 .  75 , 6. 56 ,  237. 39, 6 . 35 ,  2 . 0 , ·. 5 . 38 
2070 DATA 640680 , 1 3 ,  37 , 1 . 74 ,  8. 1 7 ,  1 77. 3 ,  5 . 4 7 ,  O�o·,_ 5. 38 
2080 DATA 640885 , 1 3 ,  431  1 . 74 ,  6. 23 ,  144. 3 , · 5 . 50i · 0. 1 ,  5� 38 
2090 DATA 640890 , 1 3 ,  37 , 1 . 72 ,  4. 88 , 145 . 8 ,  4 • . 78 ; · 0 . 0 ,  5 . 38 
2 1 00 DATA 640900 , 1 3 ,  37,  1 . 72 ,  83. 0 ,  80 . 59,  1 1 . 3 ,  0 . 0 ,  5 . 38 
2 1 10 DATA 6421 75 ,  1 3 ,  40 , 1 . 80 ,  1 . 50 ,  84. 5 ,  3. 7 ,  0 . 5 ,  1 . 76 
2 1 20 DATA 642250 , 1 3 ,  4Q, 1 . 75 ,  96. 0 ,  60. 71 , 24 . 5 , 3. 1 ,  5. 38 
2 1 30 DATA 642340 , 1 3 ,  SO, 1 . 85 ,  0 . 39 ,  62 . 0 ,  1 . 22 ,  0 . 0 ,  l . 76 
2 1 40 DATA 643220 , 1 3 ,  53 , 1 . 72 ,  10 . 3 ,  1 73. 27 , 8. 1 ,  0. 0 ,  8. 1 8  
2 1 50 DATA 643223 , 1 3 ,  53 , 1 . 72 ,  5 . 23 ,  233. 08 , 6 . 9 ,  0 . 0 ,  8 . 18  
2 1 60 DATA 643480, 13 ,  53,  1 . 70 ,  3 � 06 ,  55. 7 ,  3 . 03,  0 . 6 ,  1 . 90 
2 1 70 DATA 643650 , 1 3 ,  53 , 1 . 72 ,  67 . 0 ,  25 . 69 ,  1 4 . 5 ,  1 . 4 ,  1 . 90 
2 1 80 DATA 643677 , 1 3 ,  53,  1 . 75 ,  0 . 20 , 1 29. 3 ,  0 . 55 ,  0. 0 ,  1 . 90 
2 1 90 DATA 6437 1 0 ,  1 3 ,  53 , 1 . 72 ,  1 . 32 ,  2 18. 3 ,  2 . 54 ,  0 . 0 ,  1 . 90 
2200 DATA" 643905 , 1 3 ,  53 , 1 . 81 ,  0 . 60,  80 . 0 ,  1 . 60,  0 . 5 ,  2 . 5  
22 10 DATA 643906 , 1 3 ,  53 , 1 � 82 , . 0. 1 1 ,  80. 0 ,  0. 4 ,  0 . 0 ,  2 . 50 
2220 DATA 643909 , 1 3 ,  53, 1 . 82 , 4 . 58 ,  23. 33 ,  4 . 8 ,  0. 0 ,  2 . 5  
2230 DATA 6439 1 0 ,  l3 ,  Sl, 1 . 8 1 ,_ 37. 1 ,  225 . 8 ,  1 2 . 4 ,  0. 1 ,  2 . 5 
2240 DATA 64�070 , 1 3 ,  54 , 1 . 90 ,  4. 84 ,  47.4 ,  3 . 60,  0 . 4 ,  1 . 76 
2250 . DATA 644l20 , 1 3 ,  55 , 1 . 93 ,  0. 40 ,  88. 9 ,  1 . 08,  0 . 0 ,  1 . 76 
71 · 
2260 DATA 644 1 5 3 ,  1 4 ,  54 , 1 . 94 1 1 . 33 1  83. 6 ,  1 . 95 ,  0 . 3 ,  3 . 5 1  
2270 DATA 644 1 58 ,  1 4 , 54 , 1 . 94 , 6 . 4 9 ,  8 1 . 4 ,  4 . 45 ,  0 . 4 ,  3 . 5 1  
2280 DATA 644 1 65 ,  1 4 ,  56 , 1 . 94 ,  1 4 . 2 ,  4 1 . 27 ,  9 . 5 ,  0 . 0 ,  3 . 51 
2290 DATA 644 1 6 7 ,  1 4 ,  56 , 1 . 94 ,  0 . 42 1  272. 73 , 1 . 1 ,  0 . 0 1  3. 5 1  
2300 DATA 644 1 75 ,  1 4 ,  56 , 1 . 95 ,  0 . 1 9 ,  408 . 33 ,  0 . 8 ,  0 . 0 ,  3. 5 1  
23 1 0  DATA 644205 , 1 4 ,  57 , 1 . 97 ,  1 . 73 1  97. 781 3 . 00 ,  0 . 0 , 3. 5 1  
2320 DATA 6442351  1 3 ,  59 , 1 . 97 ,  47. 0 1  24 . 4 1 ,  1 4 . 2 1 0 . 0 1  1 . 90 
2330 DATA 644238 , 1 3 ,  56 , 1 . 95 ,  0. 29 ,  50 . 0 ,  0. 75 , 0 . 0 ,  1 . 76 
2340 DATA 644240 , 1 3 ,  58 , 1 . 96 ,  9 . 2 1 , 28. 23 ,  3 . 25,  0 . 0 1  1 . 90 
2350 DATA 644295 , 1 4 ,  58 , 2 . 0 1 , 0 . 10 ,  61 . 70 ,  1 . 60 ,  0 . 0 ,  3. 33 
2360 DATA 644296 , 1 2 ,  60 1 2 . 1 0 ,  5 . 85 ,  35. 9 ,  5. 1 7 ,  0 . 5 ,  3 . 33 
2370 DATA 644625 , 1 3 ,  54 , 1 . 84 ,  1 . 605,  74. 1 ,  3 . 35 ,  0 . 0 ,  1 . 90 
2380 DATA 644630 , 1 3 ,  45 ,  1 . 82 ,  2 . 71 ,  4 1 . 6 , 3 . 1 0 ,  0 . 0 ,  1 . 90 
2390 DATA 644640 , 1 3 ,  5 1 , 1 . 84 ,  15. 8 ,  1 7 . 01 , 9 . 8 ,  S . O ,  1 . 90 
2400 DATA 64464 3 ,  1 3 ,  SO , 1 . 85 ,  0. 1 7 ,  168 . 83 ,  1 . 00 ,  0 . 0 ,  1 . 76 
2410 DATA 644655 , 1 3 ,  54 , 1 . 86 ,  0. 32 ,  309 . 70 ,  0 . 1 5 ,  0 . 0 ,  1 . 90 
2420 DATA 644680 , 1 3 ,  57 , 1 . 90 ,  1 . 70 ,  75. 0 ,  2 . 1 0 ,  .0. 0 ,  1 . 90 
2430 DATA 644720 , 1 3 ,  59 , 1 . 94 ,  4 . 1 9 ,  32 . 0 ,  4 . 29 ,  0. 2 ,  1 . 90 
2440 DATA 644749 , 1 3 ,  58 , 1 . 92 ,  8. 9, 35 . 0 ,  7 . 0 ,  0. 2 ,  3. 33 
2450 DATA 644800 1 1 4 ,  61 , 1 . 92 ,  58 . 0 ,  5 . 9 ,  1 1 . �  0. 3 ,  3 . 33 
2460 DATA 64492 5 ,  1 4 ,  64 , 1 . 96 ,  57. 0 ,  10 . 5 ,  1 9 . 0 ,  0. 9 ,  3 . 33 
2470 DATA 644970 1 1 3 ,  58 , 1 . 90 ,  2 . 58 ,  23. 67 , 2 . 25 ,  0 . 0 ,  2 . 50 
2480 DATA 644975 , 1 3 ,  56 , 1 . 90 ,  6 . 3 1 , 50. 1 4 ,  4 . 70 ,  1 . 3 ,  2 . 50 
2490 DATA 645225 , 1 3 , 7 1 , 2. 1 2 ,  2. 35 ,  1 59 . 6 ,  3 . 27 ,  0 . 4 ,  3 . 1 6  
2500 DATA 6453 1 5 ,  1 2 ,  87 , 2 . 29 ,  0. 54 ,  95. 20 ,  1 . 95 ,  0 . 0 ,  3 . 33 
2510 DATA 645325 , 1 4 ,  8 7 ,  2 . 28 ,  15 . 63 ,  45 . 00 ,  7 . 10 ,  0 . 4 ,  3 . 33  
2520 DATA 647 1 05 ,  12 ,  70 , 1 . 92 1  1 8 . 0 ,  32. 27 , 12 .6 ,  1 . 0 ,  2 . 99 · 
2530 DATA 647 1 40 ,  1 2 ,  70 , 1 . 9 1 , 6 . 69 ,  10 . 0 ,  2. 50 ,  3 . 0 , 2 . 99 . 
2540 DATA 647 1 75 ,  1 2 ,  69 , 1 . 92 ,  4 � 4 9 ,  4 1 . 1 ,  7 . 00 ,  0 . 0 ; · 2 . 99 
2550 DATA 647220 , 1 2 ,  75 , 1 . 98 ,  65 . 5 ,  20 . 45 ,  20. 5 ,  o:. 6 ,  2. 82 
2560 DATA 647225 , 1 2 ,  76 , 1 . 98 ,  94 . 6 ,  1 9 . 44 , 2 1 . � ,  o �s ,  2. 92 
2570 DATA 647335 , 1 4 ,  62 , 1 . 94 ,  4 . 54 ,  1 1 . 5 ,  5. 99 ,  8 . 2 ,  3. 16  
2590 DATA 647340 , 1 4 ,  63 1 1 . 95 ,  2 . 69 ,  1 9 . 60 ,  3 . 75 ,  0 . 3 ,  3 . 16  
2590 DATA 647380 , 12 ,  62 , 1 . 98 ,  7 . 63 ,  1 9 . 90 ,  6 . 30 ,  0 . 0 ,  3 . 33 
2600 DATA 647392 , 1 2 ,  6 1 , 1 . 98 ,  5 1 . 3 ,  23. 1 2 ,  9 . 40, 5 . 0, 3. 33 
26 1 0  DATA 647385 , 1 2 ,  62 , . 1 . 99 ,  5 . 1 7 ,  20 . 00 ,  3 . 00 ,  2 . 0 ,  3. 33 
2620 DATA 647388 , 1 2 ,  62 , 1 . 98 ,  5 . 95 ,  16. 52 ,  5. 00 ,  1 . 0 �  3. 33 
2630 DATA 647555 , 1 2 ,  69, 2 . 00 ,  4 . 1 9 ,  4 . 860 , 4 . 67 , 0 . 0 ,  2 . 34 
2640 DATA 647585 , 1 2 ,  6 1 , 2 . 09 ,  4 . 93 ,  1 1 . 30 ,  5 . 30 ,  0 . 2 ,  2. 66 
2650 DATA 6477 1 4 , 1 2 ,  74 , 2 . 28 ,  5 . 67 , 12 . 40 ,  5 . 7 1 , 0 . 1 ,  2 . 99 
2660 DATA 647740 , 1 2 ,  65 , 2 . 1 3 ,  0. 22 ,  92. 90 ,  0. 75 , 0 . 0 ,  3. 33 
2670 DATA 647805 , 1 2 ,  77 , 2 . 24 ,  3 . 38 ,  30. 00 ,  4. 42 ,  0 . 0 ,  3. 33 
2680 DATA 647820 , 1 2 ,  82 , 2 . 26 ,  0 . 81 1 1 5 . 40 ,  1 . 90 ,  0 . 0 , 3 .33 
2690 DATA 647825 1 1 2 ,  84 , 2. 28 , t 1 9 ,  7 . 640, 3. 50 , 0 . 0 ,  3. 33 
2700 DATA 647926 , 1 2 i  84 , ·2 . 29 ,  54 . 1 ,  1 5. 94 ,  16. 3 ,  0 . 0 ,  3 . 33 
2710  DATA 647828 , 1 2 ,  8 7 ,  2. 30 ,  25. 8 ,  20 . 0 ,  1 4 . 0 ,  0 . 0 ,  3 . 33 
2720 DATA 647836, 1 2 ,  83 , 2 . 30 ,  99. 2 ,  1 4 . 42 , 18 . 5 ,  1 . 0 ,  3. 33 
72 
2730 DATA 647840 , 1 2 ,  85 , 2 . 3 1 , 3 . 65 ,  22 . 60 ,  -4 . 37 ,  0. 0 , 3 .33 
2740 DATA 647863 , 1 2 , 75 ,  2 . 20 ,  5 . 34 ,  7 . 3 1 0 ,  4 . 38 ,  2 . 2 , 3. 33 
2750 DATA 647865 , 1 2 ,  84 , 2 . 30 ,  2 . 7 4 ,  1 7 . 60 ,  3 . 85 ,  0 . 0 ,  3 . 33 
2760 DAT� 647380 , 1 3 ,  91 , 2 . 55 ,  1 3 . 0 , 22 . 62 ,  5 . 60 ,  0 . 0 ,  3. 33 
2770 DATA 647882 , 1 3 , 93 , 2 . 36 �  2 . 22 ,  4 1 . 30 ,  4 . 66 , 0 . 0 ,  3. 33 
2780 DATA 64 7884 , 1 3 , 92 , 2 . 35 ,  23. 1 ,  1 5 . 85 ,  1 2 . 6 ,  0 . 0 ,  3 . 33 
2790 DATA 647895 , 1 3 , 1 0 1 ,  2 . 36 ,  5 . 0 ,  54 . 5 ,  4 . 04 ,  0. 1 ,  3 . 33 
2800 DATA 647902 , 1 2 ,  96 , 2 . 34 ,  4 . 96 ,  6 . 98, 6 . 49 ,  0 . 0 ,  3 . 33 
28 1 0 DATA 647920 , 1 2 ,  75 , 2 . 08 ,  5 3 . 8 ,  9 . 62 ,  1 6 . 5 ,  0 . 0 ,  3 . 70 
2320 DATA 647924 , 1 2 ,  76 , 2 . 09 , 0. 26 ,  53 . 1 6 ,  1 . 00 , 0 . 0 , 3 . 70 
2830 DATA 64 7926 , 1 2 ,  75 , 2 . 09 ,  6 . 61 , 26 . 65 ,  6.25,  0. 0 ,  3. 70 
2840 DATA 6479 35 ,  1 2 ,  77 , 2 . 1 0 ,  1 . 56 , 55 . 60 , 1 . 92 , 0 . 1 ,  3 . 70 
2850 DATA 64 7955 , 1 2 ,  7 1 , 2 . 1 5 ,  5 . 9 1 , 1 8. 20 ,  5 . 50 ,  2 . 0 ,  3 . 1 6  
2860 DATA 647975 , 1 3 ,  76 , 2 . 20 ,  25. 2 ,  24 . 31 , 1 0 . 8 ,  0 . 0 , 3. 1 6  
2870 DATA 64 7980 , 1 3 ,  75 , 2 . 20 , 4 9 . 3 ,  1 8 . 1 l f  1 9 . 5 ,  0 . 0 ,  3. 1 6  
2830 DATA 64 798 1 , 1 3 , 76 , 2 . 23 , 0 . 33 ,  54 . 2 ,  0 . 79 ,  0. 0 ,  3 . 1 6  
2s1o DATA 64 7990 , 1 3 ,  ao , 2 . 22 ,  9 . 78 ,  23 . 4 1 , 1 0 . 2 , o . o f  3 � 16  
2900 DAT� 647995 , 1 3 , 79 , 2 . 22 ,  4 . 04 ,  4 7 . 43 , 3 . 50 ,  0 . 0 ,  3 . 1 6  
29 1 0  DATA 64 8(172 , 1 2 ,  78 , 2 . 24 ,  l . (l3 � 3 1 . 60 ,  1 . S b ,  Ci . O ,  3. 1 6  
2930 DATA 648260 , 1 5 ,  92 , 2 . 2S ,  2 . 1 6 ,  49. 5 ,  2 . 46 ,  0. 1 ,  3 . 33 
2940 DATA 648287 , 1 3 ,  9 5 ,  2 . �6 ,  0 . 31 , 1 22 . 22 ,  1 . 2 ,  0 . 0 ,  �·. 33 
2950 DAT� 648555 , 1 5 ,  1 1 8 ,  2 . 37 ,  3 . 48 ,  37 . 50 ,  3� 8 ,  0 . 0 ,  3 . 33 
2960 DATA -99999 , -9,  -9 , -999 , -999 , -9999 , -999,  -99 , -99 
29 70 RE" t tt t l l t l t t t l t l t t i l t l t t fl l t l t l l l l ll l t  
2980 RE" t ff t f To pr i nt out the r esul t s  t lf ff 
2990 RE" t ll lt l ti t t l tt tt l t l l t t l tt t t tt l t l l t t l t  
3300 T l $ = • Tab l e  B-3 . Est i aist ed Fl ood Peaks llsi nq FHWA 3-Paraaeter "ethod •  
33 1(1  T2t : I 
_ _ _ _ _ _ _ _ __ _ _  !! 
3320 13$ = " no. St at i on QPMAX 
3330 T4$ = • no. 
-Yr . 1 00-Yr . • 
3340 T5$ = • 
c f s )  ( c fs ) • 
3350 T6$ = • 
- - - - - - - - - - - - · 
( c h }  
E st i �isted Fl ood P*aks • 
2-Yr . 2. }3-Yr . 5-'Yr . · · 1 0 -Yr . 25 -Yr . 50 · 
( c f s} ( cfs }  ( c f s} (ch) (cfs}  r 
3360 17$ = • Ill 111111 111111 . 1  11111 . 1  1111 1 . 1  tllll . l  11111 . 1  11111 . 1  Ill 
11 . 1  11111 . 1 ' 
3370 PR I NT T U  
3330 PR I NT T2$ 
3390 PR I NT 
3400 PRI NT T3t 
34 1 0  PR I NT T4$ . 
3420 PR I NT T5t 
3430 PR I NT T6$ 
3440 FOR 1 = 1 TO N - 1  
3450 PRINT US I NS T 7 t ;  I ,  STAN ( ! } ,  QP"AH U ,  Q23P < I l , Q2. 333P U l , 053P < U , Q 1 03P ( 
I > , 0253P ( I ) , 0503P < I l , 0 1 003P H l  
7 3  . 
��60 I F  I - X 2  < I S  THEN 3490 
3470 PR I NT • A f t er check i ng the 15 v a l ues , pr ess any tey to c onti nue • : INPUT 83 
3480 X2 = 12 + 1 5  : PR I NT T l $ : PR I NT T2$ � PR I NT Tl$ : PR INT  T4$ : PR I NT TS$ : 
PR I NT T6i 
3490 tiEX T  I 
35(10 REfit 
35 1 0  REfit f t f t t  To pr i nt out t he r esul t  f r oa pr i nter t f t t l  
3520 PR I NT • no you Mant to  pr i nt out the resu l t  usi ng 3 paraaeters ? ( Y /Nl  1 
NPUT DTB$ 
�53(1 I F  DTS$ = "N' THEN 3670 
354(1 LPR I NT T U 
355(1 LPR I NT T 2t 
3560 LPR I NT 
3570 LPR I NT 1 3$ 
3580 LPR I NT TU 
359(1 LPRl NT TSt 
3000 LPR I NT Tbf 
36 1 0  FOR I = 1 TO N- 1 
3620 LPR I NT US I NG T7t ; I ,  STAN ( I l , QPMAX ( I > , Q23P ( I l , Q2. 333P \ I ) , Q53P ( i } ,  Q 1 03P 
H ) , Q253P H ) , Q5(13P ( I ) , Q 1 003P ( I  l . 
3630 I F  I - X 3  < 40 THEN 3660 
3640 PR I NT •Ad j u st the pr i nter and press any ter to cont i �ue • I NPUT 84 
3650 X3 = X3 + 40 : LPR I NT T l $  : LPR I NT T2$ : lPR I NT T3$ : LPR I NT T4t : LPR I NT T 
Sf : lf'R I NT Tb$ 
3660 NEX T  1 
3670 Tat = 1 Tab l e B-4 . Est i aated Fl ood Peaks Usi ng FHWA 5-Paraaeter Ket hod 1 
3680 PR HH TSt 
3690 PR I NT T2S 
370(1 PR I NT 
3 7 1 0  PR I NT T3t 
372(1 PR I NT TH 
3730 PR I NT TSt 
3740 PR I NT T6$ 
3750 FOR I = 1 TO N- 1 
3760 PR I NT US I NG T7t ;  I ,  STAN C i l , QPKAX C I ) , Q25P ( I ) , 02. 335P ( J ) , Q55P ( J ) , Q 1 05P ( 
I > , Q255P ( J ) , Q505P C i l , Q 1 005P ( l )  
3770 I F  I -X4  < 1 5  THEN 3800 
378(1 PR I NT " A f t e r  chec k i ng t he 1 5  val ues , press ar.y tey to cont i n.ue • : I NPUT B5 
3790 X4 = X4 + 1 5  : PR I NT TSS : PR I NT T2t : PR I NT T3f : PR I N T  T4$ : PR INT  T5t : 
PR I NT T6$ 
3800 t�EX T  I 
38 10 REM t t t t t t t t t t t t t f t t t t t l t t f f t tf tt fltttl f t l f ttttt t t t t  
3820 RE" ft t t f  To pr i nt out the r esu l t  froa pr i nter ttft f 
3825 RE" t t t t f t t t l t t tt t t t t f l tt f t t t lttt ' � ' '''''*'''''''*'' 
3830 PR I NT " Do you want to pr i nt out the resul t usi ng 5 paraaeters ? ( V/Nl • 
NPLIT DT9t" 
3840 IF DT9$ = · ·�· THEN 3980 
74 . 
JB50 LPR I NT TS$ 
3860 LPR I NT T2$ 
�870 LPR I NT 
3380 lf'R I NT T3$ 
3390 LPR I NT T4f 
3'100 LPR I MT T5$ 
3·1 1 0 LPR INT Tb$ 
3920 FOR I = 1 TO N - 1  
3930 LPR I NT llS H46 T 7 $ ;  I ,  STAN H l , QPHAX ( D ,  Q25P ( J l , Q2 . 3l5P H l , Q55P H > ,  Q 1 05P 
( I } ,  Q255P ( l l , Q5(15P ! I l , Q 1 MSP U l  
3940 I F  I - X5 < 40 THEN j970 
3950 PR I NT • Ad j ust t he pr i nter and pr ess any k ey t o  c ont i nue • � I NPUT Bo 
39b0 XS = XS + 40 : LPR I NT T8$ � LPR INT T2$ : lPR I MT T3$ : LPR I MT T4$ : LPR I NT J. 
5$ : LPR I NT T6$ 
3970 NE X T  I 
3980 RE" l l l l l l tl l t l l l t t l l l l l l t l i l l t l l l l lt l l l l l t t t i l i lft l l l t l t l l t t tt t i l t tl 
4000 REM 1 1 1 1 1  U. S .  G�a log i c a l  Survey Method , By La�rence D. Bec k er · 1 1 1 1 1  
40 1 0 RE" i l l t t l l l l t l t l t l l t l t l t l tl l i t t t l l l l t l t t t l l l l f l l t l l l t l l l l t l t t l l l t l l t  
4020 RE" 1 1 1 1 1  Descr i pt i on s  of v ar i ab l es n n1 
4030 RE" Q2 = Est i aate o f  2-y ear f l ood pea« , c f s  
4040 RE" QS = Esti aate of 5-year f l ood peak , c f s  
4050 RE" QlO  = Est i aate of 1 0-year f l ood peak , c f s  
40b0 RE" Q25 = Est i 1a te of 25-year f l ood peak , c f s  
4070 RE" Q50 = Est i aat e o f  50-year f l ood peak , c f s  
4080 RE" Q 100 = Est i eate  o f  1 00-year f l ood peak , c f s  
4010 Ktft  ANET = Net c ont r i but i ng dr a i n age area , s q .  ti l es 
4 1 00 RE" 
4 1 1 0 REK t f t t f To est i aate t h e  f l ood p ea k s  t t E I I  
4 1 20 REK 
4 1 25 DHt Q2 0 �- 1 ) ,  Q5 ( t�- 1 ) ,  Q l O \ N- 1 ) ,  Q2S i N-·D ,  Q50 ( N- t > , Q 1 00 C N- 1 } ,  AME H N- 1 }  
4 1 30 FOR I = 1 TO N- 1 
4 1 40 ANET ( I )  = A t l )  I C 1 -S < I l / 1 00 } 
4 1 50 Q2 ( 1 }  = 2 1 . 2  t C ANE T C I ) ) A . 48 I i Sl ( l } ) A . 44 f C S I NF ( J ) ) A ( - 1 . 1 6}  
4 1 60 QS ( I )  = 4 1 . 2  I < ANE T ( J } ) " . 53 I ( Sl ( J ) ) " . 44 I ( S I NF ( J ) ) A ( - . 9 1 )  
4 1 70 Q 1 0 ( 1 }  = 57 . 7  I \ ANE J ( I ) } ·" . 56 I ( SU I ) } ·' . 43 I C S I Nf ( l ) ) " ( - . 8) 
4 1 80 Q 2S H >  = 83. 4  • ( ANEH i l l  .. ' . o  1 < SU i l > " . 44 1 (SIMF ( U l " t - . 72l 
4 1 90 Q50 ( 1 )  = 1 0& t C ANE T ( I ) ) A . b3 I C SL ( J ) ) A . 45 I C S I Nf ( l ) ) A ( - . 69} 
uoo Q 1 00 H l  = n2 • ( ANEH H l "' . b5 • i SU I ) ) " . 4o • < S I NF H ) ) �'' ( - . bn 
4 2 1 0  NEX T  I 
4220 RE" i t l t t t t t t l i l t tt l t i t t t l t t t li t t t t t l l l t  
4230 RE" 1 1111 To pr i nt out the resu l t s  11111  
4240 RE" t l t t t t t l l t t l f t t t l t t l l f l t t l l l t t t l l l t t  
4250 P 1 $  = • · T ab l e  8-2 . Est i •�ted F l ood Peaks Usi ng Bec k er ' s  < U . S .  Geologi �a 
1 R 
4260 P2$ = • Sur vey } "ethod • 
4270 P3$ . = · · - -------- ------- - -- ----- ------------- -------------------- ---- --
_ _ _  ,;.· _ _  . 
4280 PU = • no. 
4290 PSt = • 
ar•  
4300 P6$ = • 
4 3 1 0  P7f = 'Ill 
, .  
4320 PR I NT P U  
4330 PR INT P2t 
4 340 PRI NT P3t 
4350 PR INT P4t 
4360 PR I NT PS$ 
4370 PR I NT P6t 
4380 PRI NT P3t 
Stil i on 
II IIIII 
4390 FOR I = l TO N-1 
2-Year 
Ccfs) 
11111 . 1  
Est i aated Flood Peaks • 
S-Year 10-Year 25-Year SO-Year 1 00-Ye 
(cf s)  (cfi)  (cf s ) (cf s ) (cf s) 
11111 . 1  11111. 1  11111 . 1  11111 . 1  IIIII. 
4400 PR I NT US I NS P7t; I ,  STAN C i l , 02 ( 1 } ,  05 ( 1 } , Q 1 0 ( 1 } 1  Q25 C i l , U50 C I > , Q l OO C I ) 
44 1 0  IF 1 -16 < 1 5  THEN 4440 
4420 PR I NT 'Af ter c hec k i ng 15 val ues , press any key to cont i nue • : INPUT B7 
4430 16 = 16 + 15 : PR INT  P 1 t  : PR iNT P2t : PRINT Plf : PR INT  P4t : PR INT  PSt : 
PR I NT P6t : PR I NT P3t 
-
4440 NEXT  I 
4450 RE" 
4460 RE" 11111 To pri nt out resu l t s  fro• pri nt er ttttt 
4470 RE" 
4'480 PRI NT ' Do you want to pr i nt out the resul t fro• pri nter ? <Y/N} • : I NPUT D 
T l Ot 
4490 I F  DT1 0t = 'N' THEN 4630 
4500 LPR INT P U  
4510  LPR INT P2t 
4520 LPR INT Pl$ 
4530 LPR INT P4t 
4540 LPRINT P5t 
4550 LPRI NT P6$ 
4560 LPR INT Plt 
4570 FOR I = 1 TO N-1 
4580 LPR I NT USINS P7t; I , · STAN C i l , Q2 ( 1 } ,  Q5 ( 1 ) ,  U10 C I > , Q25 C I ) , QSO C I > , 0 1 00 ( 1 )  
4590 I F  1-17  < 4 0  THEN 4620 
4 600 PR I NT 'Ad just the pri nter and press any key to cont i nue• : INPUT BB 
46 1 0  17 = X7 + 40 : LPR INT P l f  : LPRINT P2t : LPRINT P3$ : LPR INT P4t : LPRINT P 
5$ : LPRI NT P6t : LPRI NT P3t 
4620 NEX T  I 
4630 RE" tttttltlltttlltltttttttttttttttttttttttttttttttttltlllttlttlllttlttltt  
4640 RE" tlltt  Subrout i ne to read t h e  esti aed 2 to  100 year f l ood peaks lttlltt 
4650 RE" nn1 cal cul ated f ro• Pearson Type I I I  f itting obhi.ned fro• tttttlftt 
4660 RE" 11111 
· 
U. S. Geological  Survey ltttllltl 
4665 RE" lttitttltlltlttltlltttttltttlttttttlttltlttttttttttttttlttttlttttttttt 
4670 DI" P2 U l i > ,  P5 U 1 U , P 1 0 C 1 1 U , P25 U t U ,  PSO U I H ,  P100 U I U  
?6 . 
4bSO FOR I = 1 TO 1 1 1  
4b90 READ P2 ( 1 ) ,  P5 ( l l ,  P 10 ( 1 ) ,  P25 ( 1 } , P50 ( 1 J , P l OO t l l  
4700 NEX T  I 
4 7 1 (1 REK 
4720 REM 1 11ft Subr out i ne t o  c a l cul ate per cent of devi a t i on tff ll 
47�0 RE" 
. 
4740 D I " DP2Q2 ( 1 1 1 ) , DP5Q5 ( 1 1 1 J , DP 1 0Q 10 < 1 1 1 ) , DP25Q25 ( 1 1 1 > ,  DP50Q50 ( t i l l , DPI OO 
Q l OO H l l l  
4750 D l "  DFH3P2 ( 1 1 1 > , DFH3P5 \ 1 1 1 l , DFH3P 1 0 ( 1 1 1 l , DFH3P25 \ 1 1 1 l , DFH3P50 ( 1 1 1 J , DFH 
3P 1 0(H 1 1 1 }  
47b0 D I M  DFH5P2 ( 1 1 1 l , DFH5P5 ( 1 1 1 > ,  DFH5P 1 0 ( 1 1 1 l , DFH5P25 ( 1 1 1 > , DFH5P50 ( 1 1 1 l ,  DFH 
5P 1 00 ( 1 1 1 )  
4770 FOR I = 1 TO 1 1 1  
4780 FAC2 = 100 /P2 ( 1 )  
�782 FAC5 = 1 00/PS \ I )  
4784 FAC t O  = 1 00JP 1 0 ( I l  
4786 FAC25 = 1 00iP25 ( I j 
4788 FAC50 = 100/PSO ( I }  
4790 FAC 1 00 = 1 00/P l OO ( l }  
4800 DP2Q2 ( 1 )  = \ P2 � I J - Q2 \ I }  ) I FAC2 
48 1 0  DP5Q5 ( 1 )  = ( P5 ( 1 ) - Q5 ( 1 )  ) I FAC5 
' I  DEV .  OF Q2 ( US6S ) 
' I  DEV . OF wS <USGSi 
4820 DP10Q 1 0 ( 1 }  = ( P 1 0 ( 1 }  - Q1 0 ( 1 )  ) I FACt O  ' t  DEV • .  OF Q 1 0 tUSSSl  
4830 DP25Q25 ( l }  = ( P25 \ l l  - Q25 ( 1 )  } I FAC25 ' t DEV . OF Q25 ( USGSl 
4840 DP50Q50 ( 1 )  = ( P50 ( 1 l  - QS0 \ 1 )  ) I FAC50 ' t  DEV. OF Q50 (USGSl 
4850 DP 1 00Q t 00 ( l )  = ( P 1 00 \ l l - Q l 00 ( 1 )  ) l FAClOO ' 1  DEV. OF Q lOO CUSGSl 
4Bb0 DFH3P2 0 )  = ( P2 ( 1 )  - Q23P U }  } 1 FAC2 ' l DEV. OF Q23P < FHAtU 
4870 DFH3P5 ( l l  = ( PS ( l l  - Q53P C i l  l I FAC5 '1 DEV . OF Q53P ( FHA"l 
4BSO DFHlP Ht ( l )  = ( P 1 0 ( 1 }  - Q 1 03P H >  ) I FACI O  ' t  DEV .  O F  Q 1 03P t FHAI1) 
4690 DfH3P25 i I i  = ( P25 < I  l - Q253P ( I  l ) I FAC25 ' t  DEV • . OF Q253P ( FHAK) 
4900 DFH3P50 ( J )  = ( P50 ( 1 )  - Q503P C l l  ) I FACSO ' %  tlEV .  OF Q503P l FHA"i 
4'1 1 0  DFH3P 100 \ i }  = ( P l OO C H  · Q l O�l�P ( I )  ) I FAClOO· . ' t  DEV . OF Q 1 003P ( FHM) 
4920 DFHSP2 ( J )  = ( P2 ( 1 )  - Q25P ( I l  l I FAC2 
49 �0 DFH5P5 ( J )  = ( PS < l l  - Q55P ( I )  I I FACS 
4940 OFH5P 1 0 ( 1 )  = ( P lO < I l  - Q 1 0SP < I >  ) I FACIO 
·· t DEV.  OF Q25P \FHAKl 
' t  DEV . OF Q55P \ FHAK> 
' Z  DEV.  OF Q I OSP ( FHAKl 
4950 DFH5P25 ( 1 l  = ( P25 < I J - Q255P H l  } I FAC25 ' %  ·DEV. OF Q255P \FHAt1} 
49b0 DFHSP50 ( 1 )  = ( PS0 \ 1 )  - QSOSP < I l  ) I FACSO ' %  DEV. OF Q505P <FHAKl  
4970 DFHSP l OO C i l  = ( P1 001 I l  - Q 1 005P t i l  l f FAC 100 � I  DEV . OF Q 1 005P ( FHAt1l 
4975 t�E H  I 
4980 REM t ll ll l l t t t t l tt l i tfitiiltt�lll tlllltllftl 
4990 REK I f i ll To pr i nt out t he 1 devi at i on lttlf 
5000 RE" lltlttl tttflt lf l tilltl i t t l lttltll ttltltt 
5002 PRI NT M Do you want t o  pr i nt out the t ab l e  of percent devi at i on? ( Y/N) • I N  
PUT E U  
5004 I f  ET$ = • N •  THEN 5640 
501 0  PR U=• TabJ2 B-5. Per cent Devi ati on of the Fl ood Peaks  E;ti aat ed By Bt 
5020 P.R2$�H' 
l i P  
5030 PR;)S= · 
- - - - - - · 
( U. S. G.S. > Ket hod to That Est i aated B·y Pearson Type 
- - - - - - - - - - - - - - - - - - - -------------- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -
77 . 
5035 PS$= ' 
A '  
Tabl e B - 6 .  Per c ent Devi at i on of  the Fl ood Peaks  Est i aat ed By FHM 
5040 PR4 S= 11 l-Paraaeter "et hod to That Est i aated By Pear son Type 
I I I '  
5045 PS U= '  
WA' 
Tab l e  B-7. Perc ent Dev i at i on of the Fl ood P�aks Est i aated By FH 
5050 PRSt'= ' 
I I P  
5-Pa r a•eter "�thod t o  That Est i aat ed By Pear son Type 
5060 PR6f= • NUM. 2-YEAR S-YEAR 1 0-YEAR 25-YEAR 50-YEAR 1 00-Y EAR ' 
5070 PR 7$= � Ill 1 1 1 1 . 11 1 1 1 1 . 11 1 1 1 1 . 11 1 1 11 . 11  1 11 1 . 11 1 1 11 . 11 •  
5300 LPR I N T  PR 1 t'  
53 1 0  LPR INT  PR2$ 
5320 LPR I NT PR3$ 
5330 LPR INT  PRb$ 
5335 LPR I NT PR3$ 
5340 FOR I = 1 TO 1 1 1  
5350 LPR I NT US I NS PR7$; I ,  DP2Q2 ( I ) , DP5Q5 ( J ) , DPIOO I O ( J } ,  DP25Q25 ( J ) , DPSOQ50 ( 1 )  
, OP 1 00Q I 00 (  I l  
53b0 I F  I - X 1 5  < 4 1  THEN 5 �90 
5370 PR I NT " ADJUST THE PR I NTER AND PRESS ANY �U�BER KEY TO CONT I NUE • :  I NPUT 8 1 5  
5380 X 1 5= X 1 S+4 1 : LPR I NT PR t f  : LPR I NT PR2$ : LPR I NT PR3$ : LPR I NT PR6$ : LPR I NT 
PR3$ 
5390 t�E X T  I 
5400 PR I NT " ADJUST T HE PR I NTER AND PRESS . ANY NUMBER KE TO CONT I NUE• : I NPUT 8 1 6  
· 54 10 LPR INT  PS$ 
5420 LPR I NT PR4$ 
5430 LPR INT  PR3$ 
5440 LPR I NT PRb$ 
5450 LPR INT  PR3t 
5460 FOR I = I TO  1 1 1  
54 70 LPR I NT US i t�S PR7t'; I ,  OFH3P2 ( 1 } , DFH3PS H > , DFH3P 1 0 ( 1 > , DFH3P25 \ I ) , DFH3P50 
( I  l ,  DFH3P 1 00 ( I  l 
54BO IF I - X 1 6  < 4 1  THEN 55 1 0  
5490 PR I NT " ADJUST T HE PR I NTER AND PRESS ANY NUMBER kEY T O  CONT I NUE • : I NPUT 8 1 7 . 
5500 X 1 o  = l i b + 4 1  : LPR I NT PS$ : LPR I NT PR4S : LPR I NT PRl$ : LPR I NT PRot : LPR 
I NT PR3f 
SS I O  NE X T  I 
5520 PR I NT • ADJUST THE PR I NTER AND PRESS ANY NUMBER kEY TO CONT I NUE ' : I NPUT 8 1 8  
5530 LPR I N T  PS I $  
5540 LPR I NT PRS$ 
5550 LPR I NT PR3$ 
5560 LPR I NT PRb$ 
5570 LPR I NT PRl$ 
5580 FOR I = 1 TO  lJ l 
5590 LPR I NT US I NS PR7f; I ,  DFH5P2 ( 1 l ,  DFH5P5 ( 1 l , DFH5Pl 0 ( 1 l , DFH5P25 ( l l , DFH5P50 
( I l  , DFH5P t·OO ( I ) 
5600 I F  I �X H  < 4 1  T HEN 5630 
56 1{)- PR I NT ' ADJUST THE P R I NTER AND PRESS ANY NUMBER KEY TO CONT I NUE • : I NPUT B l  
9 
5620 X l 7  = X 1 7  + 4 1  · : LPR I NT PS l $ : LPR I NT PR5$ : LPR I NT PRl$ : LPR I NT PRb$ : LP 
R I NT PR3$ 
78 
5630 NEXT I 
5640 PR INT ' DO YOU WANT TO PR INT OUT THE PEARSON TYPE I l l  FLOOD PEAKS ? fV/N J ' : 
INPUT DTlSt 
5650 IF DT 15t = 'N' THEN 5990 
5660 T i t= •  Tab l e  4 .  "agn i tude and Recurrence Intervil of Instant aneous• · 
5665 T6t= • Peak F l aM at Sel ected Cont i nuous-Record &ag i ng · · 
5667 T7t= • St at i ons i n  South Dakot a •  
5670 T2$ = '  NU" . 2-VEAR 5-YEAR 10-YEAR 25-YEAR 50-YEAR 1 00-YEAR I 
5680 T3t=•  P2 P5 P 1 0  P25 P50 PIOO 
5690 T4t = "  - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - • 
5700 TS$= '  I ll 1111 . 1  1111 . 1  1111 . 1  1111 . 1  11111 . 1  11111 . 1 I 
5 7 1 0  LPR INT T l $  : LPR I NT Tot : LPRI NT T7$ 
5720 LPR I NT T4f 
5730 LPR INT T2f 
5740 LPR INT Tl$ 
5750 LPR INT T4t 
5760 FOR I = 1 TO 1 1 1  
5770 LPR INT US I NG T5t ; I ,  P2 ( I J , PS ( I l , P I O ( J ) ,  P25 ( 1 J , P50 ( J l , P 1 00 f l )  
5780 I F  1 - 1 1 8  < 4 1  THEN 58 1 0  
5790 PR I NT ' ADJUST THE PR I NTER AND PRESS ANY NU"BfR KEY T O  CONT I NUE' : I NPUT 820 
5800 l l8=X 1 8+41 : LPR I NT TU : LPRINT TU : lPRI NT T7f : LPRINT TU : LPR I NT T2t 
z LPRINT  Tlt : LPR INT T4f 
58 10  NEX T I 
5990 END 
6000 RE" ttttttttttttttttttttttttttt tttttttttttttttttttttttttttttttttttttttttttt 
60 10  RE" ttttt 2-,  5- , 10- , 25- ,  SO- , 100-YEAR FLOOD PEAKS FRO" PEARSON TYPE I l l  
6020 RE" ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 
6030 RE" P2 , P5 , P l O ,  P2S , PSO , P l OO 
61 1 0  DATA 1 04 ,  276 , 433 , 647 , 839 , 1 050 
6 1 20 DATA 278 , 504 , 695 , 984 , 1 230 , 1500 
6 1 30 DATA 1 5 1 , 296 , 4 1 4 ,  596 , 762,  955 
6140 DATA 32 , 62 , 85 , 1 1 9 ,  147 ,  1 78 
6 1 50 DATA 53 ,  1 03 ,  1 46 ,  209 , 263 ,  325 
6 1 60 DATA 1 6. 5 ,  33 , SO , 12 , 95 , 125 
61 70 DATA 1 54 ,  326, 474 , 701 , 902 , 1 1 20 
6 1 80 DATA 53 . 6 ,  1 24 , 192 , 3o2 , 405 , 526 
61 90 DATA 4 3 ,  90 , 1 5 1 ,  280 , 454 , 600 
6200 DATA 209 , 393 , 531 , 720 , 869 , 1020 
62 1 0  DATA 107 ,  1 98 ,  1 98 ,  270 , 484 , 608 
6220 DATA 70 . 3 ,  154 . 2 ,  287. 4 ,  542 ,  992 , 1849 
6230 DATA 43. 6 ,  65. 7 , · 1 00 . 4 ,  1 95 ,  327, 529 
6240 DAT� 24 , 46 , 64 , 92 , 1 1 6 ,  1 45 
6250 DATA 26 , 6 1 , 92 , 1 4 1 , 1 85,  235 
6260 DATA 1 37 ,  257 , 408 , 794 , 1 360 ;  2350 
6270 DATA 709 , 1 060 , 1 340, 1 760, 2 1 30, 2540 
6280 DATA 65 , · .1 34 ,  2o6 , 302 , 409, 550 
6290 DATA 29 , 4 9 , . 6 3 ,  83, 1 00 ,  1 19 
79 
6300 DATA 168 ,  698 , 1 360 , 2900 , 4490 , 6430 
63 10  DATA 60. 5 ,  1 89 ,  3 5 1 , 730 , 1 030, 1 260 
6320 DATA 27 , 53 , 79 , 1 26 ,  1 75 ,  239 
6330 DATA 29. 9 ,  68 , 1 2 1 , 236 , 382 , 606 
6340 DATA 44 ,  1 25 ,  222 , 4 10 ;  754 , 1 423 
6350 DATA 63, 1 10 ,  1 48 ,  205 , 254 , 308 
6360 DATA 38 , 78 , 1 38 ,  224 , 340 , 560 
6370 DATA 1 67. 3 ,  357 , 638 , 1 204 , 221 0 ,  4 1 30 
6380 DATA 76 , 165 ,  255 , 4 1 3 ,  572 , 772 
6390 DATA 1 9 1 , 630 , 1 220 , 2560 , 421 0 ,  6660 
6400 DATA 3 1 , 46 , 54 , 6 5 ,  73 , 8 1  
64 10 DATA 89 , 3 1 5 ,  568 , 1 1 10 ,  1 660, 2380 
6420 DATA 33 , 109 , 24 1 ,  591 , 1080 , 1890 
6430 DATA 105 ,  1 74 ,  225 , 296 , 356 , 422 
6440 DATA 362 , 1 660 , 3950 , 9900 , 1 6500 , 28800 
6450 DATA 27 , 55 , 8 3 ,  1 1 5 ,  1 4 7 ,  1 81 
6460 DATA 64 , 1 32 ,  1 96 ,  290 , 38 1 ,  486 
6470 DATA 23. 4 ,  72 . 3 ,  1 3 1 , 246 , 370 , 534 
6480 DATA 6 . 4 ,  24 , 47 , 98 , I SS ,  235 
6490 DATA 60. 1 ,  290 , 66 1 ,  1 590, 2800 , 4650 
6500 DATA 348 , 1034 , 1 680 , 4060 , 7150 ,  1 1900 
6510 DATA 103,  395 , 838 , 1 940 ,  3400, 5700 
6520 DATA SO , 1 1 1 ,  1 7 1 , 273 , 373 , 496 
6530 DATA 34 , 88 , 1 4 8 ,  265 , 388 , 550 
· 6540 DATA 1 49 ,  567 , 1 280 , 3210 ,  5960 , 10500 
6550 DATA 1 26 ,  930 , 1 790 , 3480, 5 1 60 ,  6300 
6560 DATA 58 , 1 77 ,  3 1 8 ,  593 , 886 , 1270 
6570 DATA 7 7 ,  1 34 ,  1 78 ,  24 1 ,  293 , 349 
6580 DATA 1 63 ,  453 , 773 ,  1 370 , 1 980, 2760 
6590 DATA 258 . 9 ,  402 , 593 ,  1 0 1 4 ,  1 520 , 2240 
6600 DATA 3 1 ,  9 7 ,  1 79 ,  348 , 539 , . 802 
66 10 DATA 1 52 ,  320 , 475 , 729 , 966, 1250 
6620 DATA 1 7 . 3 ,  37 , 67 , 1 15 ,  165 , 208 
6630 DATA 3 7 ,  7 1 ,  1 02 ,  1 56 ,  207 , 270 
6640 DATA 1 80 ,  306 , 393,  5 1 6 ,  689 , 904 
6650 DATA 1 38. 9 ,  260. 8 ,  337. 2 ,  529.2 ,  689. 2 ,  869. 2 
6660 DATA 235 , 680 , 1 100 , 1960 , 27 10,  3790 
6670 DATA 59,  1 37 ,  205 ,  321 , 428 ,  558 
6680 DATA 1 29 ,  265 , 395 ,  655 , 8 10 ,  1240 
6690 DATA 1 78,  357 , 502 , 8 1 4 ,  1 220, 1 920 
6700 DATA 73, 1 50 ,  250 , 439 , 7 1 4 ,  1 185 
6710 DATA 64 , 1 14 ,  226 , 389, 638 ,  1 074 
6720 DATA 88 . 7 ,  225, 365 , 632 , 934 , 1318  
6730 DATA 98. 2 ,  1 70 . 5 ,  299. 6 ,  · 552, 1042, 1 0 1 2 . 6  
6740 DATA 43,  1 1 2 ,· 231  , . 571 , 1 060 , 1870 
6750 DATA 89! 1 9 1 , 355 , 690, 
1 1 40, 2060 
80 . 
6760 DATA 6 1 ,  1 09 1  165,  268 1 4 1 0 ,  649 
6770 DATA 55 , 1 2 1 , 1 9 1 , 325 , 439 , 601 
6780 DATA 89 , 204 1 395 , 796, 1 279 , 1 955 
6790 DATA 99. 5 , 278 , �65 , 738 , 999 , 1 295 
6800 DATA 35. 1 ,  83. 4 ,  1 32 . 2 ,  200 , 263 ,  333 
68 1 0  DATA 7 1 ,  1 75 ,  28� , 476,  668 , 906 
6820 DATA 160 . 4 ,  364 ,  585 , 1 295 , 1 704 , 2 1 56 
6830 DATA 169 . 2 ,  389 , 7 1 7 ,  1 32 1 ,  231 5 ,  4 140 
6840 DATA 34 , 57 , 88 , 145,  24 1 ,  420 
6850 DATA 36 . 7 ,  87. 5 ,  1 39 . 3 ,  2 1 3 ,  284, 363 
6860 DATA 55 , 1 5 1 , 243 , 464 , 760 , 1 270 
6870 DATA 1 33. 7 ,  369 ,  680 , 1 260 , 1 950, 2860 
6890 DATA 66 , 1 53 ,  221 , 3�6 , 479 ,  668 
6890 DATA 4 4 . 7 ,  1 08 . 3 ,  1 96 ,  4 1 5 ,  455 , 637 
6900 DATA 3 1 ,  7 1 , 1 1 3 ,  220 , 288 , 374 
69 1 0  DATA 4 7 ,  1 09 ,  1 89 ,  303 , 4 1 1 ,  542 
6920 DATA � 2 ,  1 08 ,  1 94 ,  362 , 544 , 670 
6930 DATA 1 4 ,  40 , 55, 1 0 1 , 1 28 ,  163 
6940 DATA � 4 ,  92 , 1 80 ,  242, 296 , 567 
6950 DATA 25 , 54 , 79,  1 2 1 ,  1 58 ,  201 
6960 DATA 2 1 , 70 , 1 63 . 3 ,  299. 4 ,  474. 1 ,  750 . 7 
6970 DATA 1 1 5 . 8 ,  420,  846 , 201 0 ,  3400, 5340 
6980 DATA ,8. 6 1  255 , 465 , 851 , 1 350 , 2030 
6990 DATA 1 42 ,  506 , 1 040 , 2020, 3290 , 5 1 1� 
7000 DATA 45 , 1 04 ,  163 , 247,  336 , 438 
701 0  DATA 28 , 75 , 1 19 ,  188 ,  294 , 360 
7020 DATA 30 , 6 1 , 9 1 ,  1 39 ,  186 ,  243 
7030 DATA 96 . 8 ,  265 , 451 , 787 , 1 1 20 ,  1520 
7040 DATA 39 , 9 1 , 149 ,  258 , 372 , 522 
7050 DATA 1 32 ,  270 , 496 ,  959, 1 420 , 1 990 
7060 DATA 1 58 ,  37 1 ,  58 1 ,  945 , 1 3 1 0 ,  1 7 70 
7070 DATA 32 , 87 , 1 20 ,  1 60 ,  1 98 ,  237 
7080 DATA 1 26 ,  356 , 578 , 1030 ,  1 370, 1860 
7090 DATA 1 8 . 5 ,  36 , 54 , 75, 1 03 ,  1 35 
7 1 00 DATA 90. 1 ,  330 , 6 1 3 ,  1 140 , 1 650, 2280 
7 1 10 DATA 51 ,  1 39 ,  235 , 407,  582 , 804 
7 1 20 DATA 44 , 99 , 1 3 1 , 1 9 1 , 257 , 345 
7 1 30 DATA 1 54 ,  592 , 1 060 , 1 940,  2750,  371 0  
7 1 40 DATA 1 72 ,  6581 1 1 70 ,  2 1 90 ,  3000 , 4490 
7 1 50 DATA 35 , 1 0 1 , 1 67 ,  233 ,  299 , 365 
7 1 60 DATA 78 , 490 ,  920 , 1670 ,  2400 , 3270 
7 1 70 DATA 49 , 2 1 8 ,  445 , 907 ,  1 400, 2 103 
7 1 80 DATA 2 1 ,  48 , 77 , 1 2 1 , 1 67 ,  233 
7 1 90 DATA 1 1 6 ,  3 39,  582 , 1010,  1 430, 1 940 
7200 DATA 26 , 4 4 , "57 , 74 ,  86 , 99 
72 1 0  DATA 337 , 807, 1 260
·
, 2000, 2680 , 3490 
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T ab l e  B-1 , Nat•r shed Dat a For 1 1 1  Gagi ng Stati ons i n  South Dakot a  
Obta� ned Froa U . S .  6eol og i c al Survey 
- - -- - - - - - - -- - - -- - - - - - - -- - - - - - - -- - - - - - - - - - - --- - - - - - -- - - - - - - -- - - - - -
no . Sta .  no. Area Zone l so-ero Slope Stor age length P60 lnf i l  
sq. ai ft/ai X ti l es i n ,  i n .  
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 
2 
3 
4 
s 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2(1 
2 1  
22 
23 
24 
526995 
529260 
63554 (1 
6356 1 5  
635852 
635854 
635855 
6358b(l 
635930 
635985 
6Jb(l35 
636 1 (12 
63962(! 
639630 
639635 
639930 
63997(1 
640090 
6402 1 (i 
6404(1(1 
64(l�10(l 
640b 1 (i 
64(lb75 
64(168(1 
4 . 2 1  
8 . 1 5  
3 . 07 
1 . 69 
0 . 3(1 
0 . 62 
1 . 57 
2. 33 
L 2b 
4 .  1 b  
2 . (19 
27 . 1 0 
0. 64 
0 . (1 9  
0 . 20 
3 . 74 
7 . 36 
1 . 52 
3 . 8 1  
66. 00 
25 . 3(1 
3 . 49 
6 . 5b 
8 . 1 7  
25 640885 6. 23 
26 640890 4 . 88 
27 640900 83. 00 
28 642 1 75 1 . 50 
29 642250 96. 00 
30 642340 0 . 39 
3 1  64322(1 10.  3(1 
32 643123 5. 23 
33 64348(1 3. (16 
34 64 3650 67 . 00 
35 64367 7 0. 20 
36 6437 1 0  1 . 32 
37 6439(15 0.60 
38 64_3906 (l . l l  
39 6439CIB- .c. sa 
40 64 39 1 0  37. 1 0  
1 2  
1 2  
1 3  
1 3  
1 3  
1 4  
1 3  
1 3  
1 3  
1 3  
1 3  
1 4  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
. 1 �  
. 1 3  
1 7  ... \ 
1 �  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
l 3  
n 
1 3  
77 
7b 
5& 
37 
37 
37 
37 
42 
40 
37 
37 
35 
37 
35 
37 
43 
37 
37 
4Q 
40 
so 
53 
1 67 . 8(1 
53. 0(i 
69. 2\i 
77. 20 
1 57 . 70 
46. 70 
93. 3(1 
1 2 . b3 
85. (10 
30. b(l 
31 . 40 
23. 50 
68 . 9(1 
282. 0(1 
1 7 1 . 0(1 
28 . 7 4 
56. 70 
59. 20 
167. 5(1 
79. 57 
9. 1 B  
59 . 90 . .  
237 . 39 
177. 30 
1 44 . 3(i 
145 . 80 
80 . 59 
84 . 5(1 
60 . 7 1 
62 . 00 
1 73. 27 
233. 08 
55. 70 
53 25. 69 
53 . 1 29 . 3.0 
53 218. 30 
53 80 . 00 
53 80 . 00 
53 23. 33 
53 . 225. 8(1 
1 . 5(; 5. 1 3  
1 . 50 4 .  70 
(1 . 0(1 2 . 60 
0 . 20 2. 28 
(1 , (10 o. 95 
0 .  00 1 .  2(1 
0 . 2(1 2 . 59 
0 . 0(1 7 . 6(1 
0 . 50 1 . 7(i 
0 . 60 S . (l(l 
(1. 5(! 3 . q(i 
0 . 0(1 7 . 55 
o. 00 . 1 . 6(1 
0 . 0(1 0 . 52 
0 . 00 0 . 82 
1 . 90 4 . 6(1 
0 . (1(1 3. 88 
0 . 1 (1 2 . 45 
0. 00 4 . 1 5  
1 . 00 1 5 . 50 . 
(1 . 20 . . . 1 2 . 9\i 
0 . 4(1 3 . 7(1 
2 . 00 6 . 35 
. 0 . 00 5. 4 7  
0. 1 0  5 . 5(1 
0 . (1(1 •• 78 
0. 00 1 1 .  3(1 
0. 50 3 . 70 
3 . 1 0 · 24 . 5(1 
0 . 00 1 . 22 . 
0 . (1(1 8 . 1 (1  
0.00 6 . 90 
0 . 60 3 . 03 
1 . 40 14.  5(i 
o .oo 0 . 55 
O.O(i 2 .  54 
0. 50 1 . 60 
0 . 00 0 . 4 0 
0.00 4 . 8(1 
0. 1 0  1 2 . 40 
2 . 03.0 2 . 990 
2 . 0b(l 2 . 990 
1 . 730 3. 1 60 
1 . 650 2 . 660 
1 . 860 3. SH• 
1 . 870 3. 5 ! 0  
1 .  73(1 2 •. 50(! 
1 .  7 1 (1 2. 5(10 
1 .  770 2 .  50(! 
l • BbO 2. 50(1 
1 . 84.0 2. 5(1(1 
1 . 89(1 3. 5 1 0  
1 .  7(10· I .  76(t 
1 .  730 1 .  760 
1 .  750 5. 38(1 
1 .  75(1 1 .  76(1 
. 1 . 74 0  1 . 7'60 
1 . 770 1 . 760 
1 .  750 . 5. 38(1 
1 .  780 . 5. 38(i 
1 .  770 s. 38(1 
1 .  79(1 . 5. 38(i 
1 .  75(1 s. 38(1 . . 
1 .  740 . s. 380 
1 . 74 0  5. 380 
1 . 720 5 . 380 
1 . 720 5 . 38(1 
1 . 80(1 1 .  760 
1 . 75(1 5 . 380 
1 . 850 1 .  760 
1 . 720 8 . 1 8(1 
1 .  72(1 8 . 1 8(1 
1 .  7(1(1 1 .  900 
1 .  720 1 .  9(1(1 
1 .  75(1 1 .  900 
1 .  72(1 1 .  9(1(1 
1 . 8 1 0 2. 500 
1 . 82(1 2. 5(1(1 
1 . 820 2 .  50(i 
1 . 8 1 0  2. 5(l(i 
82 
I . 
83 
84 
T ab l e  B-1 . ( Conti nued } 
- - - - - - - - -- - - - - - - -- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
n o. Sta .  no.  Area Z one I so-er o S l ope Stor age length P60 l n f i l  
sq.  ai f t /fli t ai l es i n .  i n .  
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 1  647585 4 . 93 1 2  6 1  1 1 . 30 0 . 20 5 . 30 2 . 090 2 . 660 
82 6477 1 4  5. 67 12 74 1 2 . 40 0. 10  5 . 7 1  2 . 280 2 . 990 
83 647740 0. 22 1 2  65 92 . 90 0. 00 0 . 75 2 . 1 3 0  3 . 330 
84  647805 3. 38 1 2  77 30 . 00 0. 00 4 . 42 2 . 240 3 . 330 
85 647820 0. 8 1  1 2  82 1 5 . 40 0 . 00 1 .  90 2 . 260 3 . 330 
86 647825 3. 19  1 2  84 7 . 64 0. 00 3 . 50 2 . 280 3 . 330 
87 647826 54. 10  12  84 1 5 . 94 0 . 00 1 6 . 30 2 . 290 3. 330 . 
88 647828 25. 80 12 87 20. 00 0 . 00 1 4 . 00 2. 300 3 . 330 . 
89 647830 99. 20 1 2  83 1 4 . 42 1 . 00 1 8 . 50 2 . 300 - 3 . 330 
90 647840 3. 65 1 2  85 22 . 60 0 . 00 4 . 37 2 . 3 1 0  3 . 330 
9 1  647863 5. 34 12 75 7 . 3 1  2 . 20 4 . 38 2 � 2(10 3 . 330 
92 647865 2. 74 1 2  84 1 7 . 60 0 . 00 3 . 85 2. 300 3 . 3 30 
93 647880 1 3 . 00 1 3  9 1  22 . 62 0 . 00 5 . 60 2 . 350 3 . 3 30 
94 647882 2 . 22 1 3  93 4 1 . 30 0. 00 4 . 66 2 . 360 3 . 3 30 
95 647884 23. 1 0  1 3  92 1 5 . 85 0 . 00 . 1 2 . 60 2 . 350 3 . 330 
96 647895 5. 00 1 3  10 1  54 . 50 0 . 1 0  4 . 04 2. 360 3 . 330 
97 647902 4 . 96 1 2  96 6 . 98 0 . 0(1 6 . 49 2 . 340 3 . 330 
98 647920 53. 80 1 2  75 9 . 62 0 . 00 1 6  •. 50 2. 080 3. 700 
99 647924 0 . 26 1 2  76 53 . 1 6  0 . 00 1 .  00 · 2 . 090 3 . 700 
100 647926 6. 61  12  75 26 . 65 0 . 00 6 . 25 2 . 090 3. 700 . 
10 1 647935 1 . 56 1 2  77 55. 60 0 . 1 0  - 1 . 92 . 2 . 1 00 3 . 700 
102 647955 5. 9 1  1 2  7 1  1 8 . 20 2 . 0(1 5 . 50 2 . 1 50 3 . 1 60 
103 647975 25 . 20 1 3  76 24 . 8 1 o.oo . 1 0 . 8(1 2 . 200 3 . 1 60 
104 647980 48. 30 1 3  75 18�  l1 . 0 . 00 1 9 . 50 2 . 200 3 . 1 60 
1 05 64798 1 0. 33 1 3  76 54 . 20 . 0 . 00 0 . 79 2 . 230 3 . 1 60 
106 647990 9. 78 1 3  80 23. 4 1  0. 00 1 0 . 20 2 . 220 3. 160 
107 647995 4 . 04 1 3  79 4 7 . 4 3  0. 00 3 . 50 2 . 220 3 . 1 60 
1 08 648072 1 . 03 12  79 31 . 60 0 . 00 1 . 86 2 . 240 . 3. 1 60 . 
109 648260 2 . 1 6  1 3  92 49 . 50 0 . 10 2 . 46 2 . 280 3 . 330 
1 10 648287 0 . 3 1. 1 3  95 122. 22 0 . 00 1 . 20 2 . 360 3. 330 
1 1 1  648555 3. 48 1 3  1 1 8 37 . 50 0�00 3 . 80 2 . 370 3 . 330 
8.5 
T ab l e  B-2 . Est i t�ahd fl ood Peaks Llsi rtg Beder ' s  m . s .  Seoloq i ca l  
Sune·i l  "ethod 
--------- ---- -- ------------------ - --- - - ---- -- - ------ - -------- - -------
no.  St at i on Est i aated Fl ood Pea k s  
2-Year 5-Year 1 0-Yur 25-Year 50-Year 100-Year 
( cfs >  Ccf.sl Ccfs )  \cfs l  Ccfs)  ( c fs l  
------------- -- ---- -------------------- ---- ---- -------------- -- ------
528995 1 1 2. 2 3(17 . 8  -482 . 2  847 . 7 1223. 0 1 685 . 8  
2 529260 92 . 8  263. 1 425 . 3 758 . 8  1 1 03. q 1 524 . 1 
3 635540 61 . 7  169 . 0  266 . 4  46(1 . 6  653. 8 ssa . q  
4 6356 1 5  59 . 3  1 5 1 . 1  229 . 1 382 . 0 53(1 . 4 7 1 (1 . 8  
C' 
635852 25. 7 M . 4  94 . 9  1 52 . 0 20 3 . 5  266 . 9  .s 
6 635854 2 1 . 3  55. 4 84 . 4  1 37 . 6 186 . 0  244 . 4  
7 635855 66. 8  1 67 . 1 250 . 7  4 1 5 . 4 575. 5 770 . 7  
a 6358bCI 33 . 5 85. 5  1 32. 5 21 S . f, 3(1(1 . 5 397 . 5  
9 6359 3(1 57 . 7 1 42 . 5  2 1 2 . 6  348 . 7 479. 5 638 . 7 
1 (1 6359f;5 65 . 2  1 7 1 . 1  267 . 2 455 . 3  642 . 2 867 . 2  
1 1  636035 n . 4  12(i , 2 1 83 . 9 304 . 8  42 1 . 4 56 1 . 3  
1 2  636 1 (!2 96 . t· lO�. O 52 1 . 1  9BO . B 1 475. 0 2(l7b . 5  
1 3  63962(i s� .. ,.f t i.. 1 25. 2 1 7b . 5  ., .. :r r: .. J ._\ , .;  3b3. q 473 . 9 .
1 4  6396�0 � 1 . 5  82 . 3  1 07 . 8  1 56 . 7 1 99 . 4  .,r .. ') j, ,J�I , ._  
1 5  63963.5 1 3 . 4 36. 5 55 . 6 90 . 8  1 2 1 . 8 1 59 . 9 . 
1 6  6399:\(1 9(l , (l 2 1 5 . 0 322 . 1 530. 7 737 . 7  986 . 1 
1 7  6399 7(1 169 . 5 4 1 � . 3 637 . 2 1 086 . 7 1 552 . 9  21 1 9 . 3 
1 8  MOO�O 81 . (1 1 8�, . 1 2bF. 2 �29 . �  585 . 8  774 . 9 
1 9 6402 1 0  54 . 5  1 72 . 3  2S7 . '2 517 . 4  772 . 4  1 075. 5 
20 6404\i(l 1 53 . 5 56(1 . 1 1024 . 2  2091 . 4  33 1 1 . 1  �843. 5 
2 l  6405(i(l 37 . 6  1 �(1 . 8  237 . 6  457 . 1 688 . 3 966 . 8  ., .. � i.  6406 1 (i 33. 1 1 0� . 4  1 75 . 3 31 7 . 5  459 . 0  63 1 . 4 
23 6 · '� '  -.: �  't V\l l .J 8 1 . 6  2b�r , l 447 . 3 . S4 l . b . 1 256. 5 1 7 74 . (1  
24 64(1680 8(1 . 5  264 � 7 451 . 2  . 854 . 6  1 28 1 . 4  1 8 1 2 . 6  
25 Moss:, 64 . 5  209 . 3 . 354 . 6  6o3 .Q  984 . (1 1 36 1 . 5  
26 640890 57 . 7  1 84 . 8  3 1 0 . 8  575 . 6 848 . 1 1 185 . 1 
27 6409(i(! 17l. 2 639 . 4  1 1 77 . 4 2�27 . 8  387 1 . 8  5691 . 7  
28 642 1 7 5 93. 9 21 4 . 5 309 . 5  497 . 2  680 . 1 902 . 6  
29 642250 1 61 . 5 599 . 6 1 1 1 1 . 1  2295 . 1 . 3662 . 2  5380 . 7 
30 64234 (1 43 . 0  9 1 . 9  1 27 . S  1 93 . 9  254 . 0 327 . 2 
3 1  64322(1 54 . 8  202 . 4  363 . 8 7 1 9 . 0  1 019 . 1 1 57� . 7  
32 64322 3 45. 1 1 bl . (l 282 . 7  545 . 5 8 1 9 . 5 · 1 1 6 1 . 7 
33 643430 1 0(1 . 7 242 . 9  362 . 6  6(i(i . 5  837 . 4  1 1 24 . 4 
3� 643650 31 3 . 9 883 . 3  1�57 . 3 2708 .5  41 1 0 . 8 5824 . 6 
35 64367 7 39 . 5  83 . 2  1 1 3 . 4  1 69 . 9 220 . 2  282. 4 
36 6437 1 0  1 23 . 0 28� . 7 40S . B  6b3.. 7 9 1 5 . 2 1225. (I 
37 6439(15 39 . 3  93 . 6  1 36 . 7 2 1 7 . 6 292 . 4 383. 5  
38 6439(16 1 7 . 5 38 � 2  53 . 0  78. 9  1 00 . 7 1 27. 7 ·' 
39 6439(18 0 60 . 8 l6(1 , 3  251 . 8 �29 . 6  606 . 2 8 1 8 . 0 
40 6439 l (l  450 . 3- 13 18 .  1 2155 . 4  �(189. 3 6285 . 4  904b. 4 
86 
Tab l e  8-2 . ( Cont i nued ) 
- ------ - - -------------- -- --------- - ---- ------ - - ---- - ------- -- ------ --
no.  St at i on Esti tat ed Fl ood Peaks 
2-Year 5-Vear 1 0-Year 25-Year 50-Year 1 00-Year 
( c f s )  ( c f s )  (cf s } ( c f s }  ( c fs} ( c f s ) 
------ ----- --------------------------------------------- --- ----------
4 1  644070 1 2 7 . 9  309 . 6  465. 5 779. 1 1 097. 4 1 482 . 4  
42 64 4 1 20 5 1 . 1  109 . 2 1 5 1 . 3  230.8  303 . 5  392 . 6  
43 644 1 53 39 . 7  107 . 0  1 66 . 0  280. 4 390 . 2  523 . 7  
44 64 4 1 58 83. 8 244 . 9  398 . 5  7 1 7 . 0  1 045. 8 1 448 . 5  
45 644 1 65 90 . 7  275. 6 462. 3 852. 7 1 264. 8 1 767 . 7  
46 644 1 67 38 . 4  97 . 9  1 45 . 0  236. 7 32 1 . 9 4 27 . 3  
47 644 1 75 3 1 . 4  76 . 8  1 10 . 6 1 75. 6 234 . 2  307 . 2  
48 644205 48 . 3  1 32. 0 206 . 1 352. 4 495 . 0  669 . 1 
49 644235 260 . 7 721 . 1 1 1 78 . 2 2 1 59. 0 324 1 . 9  4559 . 9 -
50 644238 34 . 0  7 1 . 5  98 . 7  147 . 7 1 9 1 . 3  244 . 4  
5 1  644240 1 27 . 1 324 . 0  503 . 5  865 . 6  1 239 . 6 1 690 . 1 
52 644 285 27. 1 70. 0  106 . 2  1 73. 7 236 . 0  3 1 1 . 4  
53 644296 59. 1 1 69. 5 275. 6 487 . 8  702 . 3  9 6 1 . 9  
54 644 625 84 . 0  196. 3 286 . 6  463 . 9  636. 6 846 . 2 
55 644630 83. 8 20 1 . 0  299 . 8  492 . 8 . 682. 9 9 1 2 . 1 
56 644640 1 28 . 6  335 . 9  532 . 3 928 . 5  1 342. 5 1 8 39 . 0  
57 644643 44. 9 92. 0  1 23. 5 183. 1 236. 3 302 . 3  
58 644655 7 2 . 7 1 56 . 7  2 1 4 . 9  330 . 8  438. 7 572 . 8  
59 64 4680 86 . 8  203 . 4 297. 5 482 . 8  663. 6. 883 . 3  
60 644720 9 1 . 9  225. 3 34 1 . 5  569 . 6  797. 5 1 0 7 1 . 6  
6 1  644749 7 1 . 6  209. 7 345. 4 621 . 6  906 . 2 1 25 1 . 3  
62 64 4800 80 . 4  258 . 6  458 . 6  873 . 9  1 323. 9 1 864 . 3  
63 644925 102 . 5 329. 1 580 . 0  1 u.o. 4 1 690. 8 23'13. 6 
64 644970 4 6 . 4 1 1 9 . 0  1 83 , 8  306. 4 425. 0 567-. 1 
65 644975 98 . 6  264 . 2  4 15. 7 723 . 3 1 038. 1 1 420. 2 
66 645225 78 . 2  2 1 1 . 5  327 . 8  565 . 4  802. 7 1 094 . 6  
67 6453 1 5  29 . 0  73. 8 1 10. 7 1 79 . 9  243. 6 3 2 1 . 2  
68 645325 1 04 . 7 315 . 3 526 . 9  972 . 2  1445. 0 2022 . 8  
69 647 1 05 109. 4 322 . 8  536 . 9  984. 2  1 459. 2 2037. 1 
70 647 1 40 40. 2 1 1 2 . 8  1 84 . 3  320 . 6  455. 8 6 1 6 . 3 
7 l  647 1 75 62 . 8 1 72 . 9  275. 3 478 . 8  682. 7 929. 4 
72  64 7220 1 78 . 4 553 . 5  955 . 4  1 827 . 5  2799. 2 3987 . 3  
73 647225 197 . 3 620 . 2  1 079. 5 2085. 1 32 1 6 . 8 4603. 4 
74 647335 32 . 4 90 . 2  1 46. 1 251 . 2  353. 5 474 . 9  
75 6473 40 33 . 2  90 . 3  1 43. 6 243 . 8  340. 4 455 . 7
 
76  647380 5 1 . 9  1 50 . 9  248 . 9  442 . 6  638. 7 
874 . 3 
77 647382 1 35. 1 430 . 7 749 . 8  1 438. 4 2 1 97. 6 
3 1 26 . 6 
78 647385 42 . 8 1 2 1 . 7  1 98. 3 347 . 0  494 . 6  
6 7 1 . 5  
79 64 7388 4 2 . 3 1 2 1 . 2  1 98 . 7  349. 2 
499 . 0  678. 3 
80 647555 3 1 . 5  8 1 . 4  1 28 . 7 2 1 4 . 2  
296. 2 392 . 2 
� 
�� � 
87 
Tab l e  B-2 .  <Conti nued}  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
no. St ation Est i aat.ed Fl ood Pea k s  
2-Year 5-Year 1 0-Year 25-Vear 50-Year 100-Year 
( c fs )  . (c f s} < c fs )  ( c f s )  (c f s) ( c f s )  
- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - -
8 1  647585 42. 6 1 1 4 . 4 1 82. 6 51 1 . 7  438 . 5 589 . 0  
82 647 7 1 4  4 1 . 4  1 1 5. 4 187 . 3 524 . 8  460. 9 622 . 9  
83 647740 1 8 . 6  45 . 4  66. 3 103 . 8  1 36 . 8  1 77 . 2  
8 4  647805 42. 1 1 1 7 . 4  1 88. 2 325. 3 4 60 . 0  622 . 0  
85 647820 1 5. 8  4 1 . 1  63. 5  1 02. 9 1 38. 5  1 80 . 8  
86 647825 22 . 4  62 . 4  1 0 1 . 2  1 72 . 1 239 . 7  3 1 9 . 3 
87 647826 1 20 . 6 386 . 5  677. 5 1 300. 2  1 985. 4 2820 . 1 
88 647828 93 . 4  288 . 5  493. 4 921 . 4  1 379. 1 1 934 . 5  
89 647830 1 53 . 6  507 . 3  906 . 1 1 779 . 5  2763. 2 3967 •. 9 
90 647840 38 . 5  1 08 . 0  1 73 . 9  300 . 7  425 . 0 574 . 0  
9 1  647865 27 . 9  79. 4 1 30 . 8  226 . 9  320 . 5  . 43 1 . 1  
92 647865 30 . 1  83. 1 1 33 . 0  226 . 8  3 1 7  � 0  424 . 6  
93 647880 7 1 . 0  . 2 1 1 . 8 354 . 4  644 . 7  946 . 5  -1 3 1 1 . 2  
94 647882 39 . 6  1 08 . 2  1 70 . 6  291 . 0  407 . 6 548 . 3  
95 647884 80 . 0  245 . 6  4 1 9 . 6 778 • .  4 1 1 58 . 5  1 6 1 7 . 7 
96 647895 66 . 0  1 87 . 8 302 ·. 7 534 . 7  769. 6  1 055 . 2 
97 647902 26. 6 75 . 7  1 2 4 . 6 2 1 5 . 6  303 . 9  408 . 1 
98 647920 85 . 2  280 . 4  499 . 6  961 . 9  1 4.65 . 8  2075 . 6  
99 647924 1 4 . 0  35 . 2  52 . 6  83 . 2  1 09 . 9 1 42 . 4' 
100 647926 48. 8 1 44 . 5  239 . 3 428 . 0  6 1 8 . 8  848 . 8 . . 
1 0 1  647935 33. 7 92. 9  1 46 . 2 248 . 6  . 346. 7 465 . 4 
102 647955 46. 5 1 3 1 . 5  2 1 4 . 0  374 . 6 " 534 . 7  726 . 5  
1 03 647975 107 . 9  328 . 5  557 . 1 1 037 ; 2  1 552 . 3 2 t 78 . e 
104 647980 1 28 . 4 403 . 8  700 . 4  . 1 334 . 3  2029 . 9  2877 . 3  
1 05 64798 1 1 9 . 0 . 46 . 6  68 • . 8 1 08. 5 . 1 43 . 7 1 86 . 4 
106 647990 6b. B 1 93 . 9  3 1 9 . 8  5 73 . 0  833 . 0  1 1 46 .  6 . 
1 07 647995 59 . 6  1 65 . 6  264 . 1 459 . 9  655 . 8 893 . 1 
1 08 648072 25. 9 67 . 1  1 03 . 2 1 69 . 4 230 . 9  304 . 8  
1 09 648260 42. 3 1 1 5 . 4 1 8 1 . 5  309 . 8  434 . 3 585 . 0  
1 1 0 648287 24 . B 6 1 . 4  90 . 3  1 43 . 9 1 9 2 . 1 251 . 2  
1 1 1  648555 47 . 1 1 3 1 . 5  2 1 0 . 5  365 . 2 5 18 . 0 702 . 5  
88 
T ab l e  B-3.  Est i aated Fl ood Peaks Using FHWA 3-Par aaeter "ethod ------ --- - ------------------------------------------ - -------- --------------
no. Stat i on QPMAX Esti aated F l ood Peaks 
nr,. 2-Yr . 2 . 33-Yr . 5-Yr . 1 0-Yr . 25-Yr . 50-Yr . 1 00-Yr . 
( c f s )  ( c f s }  ( cfs l  ( c fs ) ( c f s l  ( c f s )  ( c f s }  ·( c f s ) 
-- - - -- - - - - ----- --- - - --- - ---- -- - ------------------ - - - - - --- - - ---- - - - - - -- -- - ---
1 528995 25956 . 8 207 . 2  224 . 0 33(1. 4 47(1 . 2 633 . 1 792 . 8  925 . 0  
2 5292b(l 4294 1 . 6 189 . 3  204 . 6 30 1 . 8  429 . 6  577 . 7  722 . 8 842 . 9 
3 635540 203 1 6 . 3 195 . 3 21 1 . 1  31 1 . 4  443 . 2 590 . 3 746 . 2  870 . 4 
4 6356 1 5  1 2686 . 9 1 31 . (1  141 . 6 209. (1 . 297 . 6 398 . 2  496 . 4 577. 6  
5 635352 3065 . 8 42 . 5 46 . 0 67 . 9 9b . 9  1 27 . 7  1 57 . 4  1 82 . 0 
6 635854 562 3 . 7 27 . �  i1 .5  43 . 7 62 . 3  B L 6  1 00 . 2  1 1 5 . 5  
7 635355 1 1 962 . 5 1 25 . 1 1 35. 2 1 99 . 6  284 . 3 380 . 1 4 73 . 6 55 1 . (1  . 
B 635960 1 6364 . 7  1 6 1 . 3 1 74 . 4  257 . 4  3bb . 4 49 1 . 6 6 1 4 . 1 7 1 5 . 5  
q 63593(1 1 0027 . 1  1 (17 . 4  1 16 . 1 1 7 1 . 4 244 . 2  325 . 9 405 . 4  47 1 . 2  
1 0  635985 257 1 8 . 6 238. 9 258 . 2 380 . 8 54 1 . 9  730 . 9  9 1 6 . 6  1 (17(1 . 4  
1 1 636(135 1 50 1 8 . 5  1 50 . 4 162 . 6  239 . 9 34 1 . 6  458 . 0  5 7 1 . b  665 . 8 
1 2  636 1 02 1 03952 . 7  3.bb . 2 395 . 7 583 . 3  829 . 7 1 1 25 . 5  1 A1 1 7 .  5 1 659 . 4 
1 3  639620 577 2 . 9  49 . 7 53 . 7  7'1 . 4  1 1 3 . 2 1 49 . 5 1 84 . 6  2 1 3 . 6 
1 4  639630 1 084 . 7  1 3 . 4  14 . 5 2 1 . 5 30 . 7 39 . 8 48. 5 · ss . 7  
1 5  639635 2 1 7(1 . 5  22 . 9 24 . 7  36. 6  ' C'") , ... .�. . ... 68 . 3  ·s3 . 7  96. 4  
1 6  639 930 236Bb . S 1 62 . 1 1 75 . 2  258 . 6 368 . 1 494 . (1 6 1 7 . 0  7 1 9 . (1 
1 7  63997(1 39763 . 3 286. 4 309 . 5  456 . 4  649 . 3  877 . 9 1 1 03 . 0  1 289 . 4 
1 8  640(19(1 1 1 656 . 9  95. 1 102 . 9  15 1 . 9  2 1 6 . 4 288 . 3  358. 2 4 1 6 . 1 
1 9  6402 1 0  24029 . 4  1 66 . 9  180 . 5  2bb . 3  379 . 1 508 . 9 635 . 9  74 1 . 0  
20 64(14(1(1 1 94926 . (l 1 1 30 . 9  1 22L B 1 79B . b  2554 . 8  35 1 8 . (1 · 4481 . 3  5280. (1 
2 1  6405(l(i 98934 . 9 553 . 8  598. 4 88 1 . 7  1 253 . 5 1 709 . 7 2 1 62 . 3  2537 . 3  
2 2  6406 1 (1  2 24 4 9  , (l 1 55 . 6 1 bS . 2 248 . 2 35� . 4  . ·. ' 47"3.  9 59 1 . 8  689. 4  
2 3  640675 364 44 . 9 230 . 5 249 . 1 367 . 5 · · 522 . 9  705 . 0  883. 8 1 03 1 . 9  
2 4  b4 (1b8(1 4 3(12(1 . 9  279 . 0  30t . S  444 . 7  .632 . 6  855 . 1 1 074 . 0 1 255 . 3 
25 640835 3504 3 . 7 265 . 0 286 . 4  422 . 3 600 . 9 8 1 1 . 7 1 0 1 8 . 9 1 1 90 . 6  . 
26 640890 19080 . 0  1 97 . (1 21 2. 9 31 4 . 1 447 . 1 60 1 . 6  752 . 9  878 . 3  
27 6�0900 228346 . 9  1 3 1 4  . • 1 1 4 19 . 7 2089 . 5  2967 . 5 . 4094 . 5 5223 . 5  b159 . S  
2 8  64 2 1 75 1 1 534 . 0  95 . 1 102 . 8  1 5 1 . 7  2 1 6 . 2 288 . (1 357 . 9 4 1 5 . 7  
29 64 2250 252289 . 0  1 558 . 7 168� . 9 2477 . 7  35 1 8 . 2 4865 . • 4 62 1 7 . 5 7339 . �  
3(1 64 234(1  3 Bn . 9  4 b . 3 50 . 0  74 . (1 1 05 . 4  1 39 . 2  1 7 1 . 7 1 9B . 6  
3 1  643220 5 1 1 78. 1 4 4 8 . 1 484 . 2  7 1 3 . b  1 0 1 4 . 8  1 380 . 3  1 74 1 . 9  204 1 . 5  
32 643223 30665 . 2  285 . 2 308. 2 454 . 5  646 . 7  874 . 3  1 (198 . 3 1 283 . 9  
3 3  643480 202b4 . b  1 94 . 7  2 10 . 5 31 0 . 5  442 . (1 594 . 5 744 . (1 867 . 9 
34 643b5(i 1 96969 . 9  1 54 b . 3 1 670 . 5 2458. (1 349(1 , 3 4826 . 2 6 1 b7 . 0  7279 . 3 
35 643677 2 1 70 . 5  31 . 1  33 . 7  49 . 8  71 . 0  93 . 2  1 1 4 . 6  132. 2 
36 6437 1 (1 1 04(19 . 6 1 1 2 . 3  · .  1 2 1 . 4  . 1 79. 3 255 . 4  . 34 1 . 0 424 . 4  493. 5 
37 6439(15 5473 . 4  65 . 3 . 70 . 6  104 . 3 148. 7 1 97 . 1 244 . (1  282. 8 
38 643906 1 293. 4 20 .• 7 22 . 4  33. 1 47 . 3  6 1 . 7 7 5 . 5 87 . 0  
39 643908 27696 . 7 253. 9 274 . 5  404 . 8  576 . (1  777 . 5  975 . 6  1 1 39 . 7  
4 0 6439 1 0  1 361 02 . 8  1 063. 2 1 148 . 7  169 1 . 0  2402 . 2  33(15. 2  4207 . 5  4955 . 8  
� 
�; .. 
..) 
Tab l e  B-3.  <Cont i nued ) 
- - - - - - - - - - - - - - - -- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
no.  Stat i on QPMAX Esti aated Fl ood Peaks 
no. 2-Yr . 2. 33-Yr. · 5-Yr . 1 0-Yr . 25-Yr . 50-Yr . 1 00-Yr . 
( c f s) ( c f s ) ( c f s )  ( c f s )  ( c f s} ( c f s )  < c f s )  ( c f s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
41 644070 28896. 9 269 . 0  290. 7 428 . 7 6 1 0 . 0 824 . 1 1 034 . 7  1 209 . 2 
42 644 1 20 3905 . 9  5 1 . 3  55 . 5  82. 0 1 1 6 . 8  1 54 . 4  1 90. 7 220 . 7  
4 3  644 1 53 1 0473 . 0  83 . 8  90. 6  1 33 . 8  190. 7 253 . 6  3 1 4 . 7 365 . 3 
44 644 1 58 36 1 49 . 4 3 1 9 . 5  345 . 3  509 . 2 724 . 3 980. 8 1 233 . 6  1 4 42 . 9  
4 5  644 1 65 64939 . 0 506 . 1 546 . 9  805 . 8  1 1 45. 7 1 560 . 9  1 972. 2 2 3 1 3 . 1 
46 644 1 67 4068 . 8  90 . 2 97. 5  1 44 . 0  205 . 2  273 . 2 339 . 3 394 . 0  
4 7  644 1 75 2077 . 0 69 . 0  74 . 6  1 10 . 2 157. 1 208. 4 258 . 1 299. 3 
48 644205 1 2925 . 6 1 66 . 8 180 . 3 266. 1 378. 8 508 . 5  635 . 4 740. 5  
4 9  644235 1 5377 1 . 7  1 339 . 1  1 446. 7 2 1 29 . 2  3023 . 9  4 1 73 . 3 5325 . 0  6280 . 3 
50 644238 2979 . 0  4 1 . 6 45. 0  66. 5 94 . 9  1 25 . 0  1 54 . 1 . 1 78 . 1 
5 1  644240 4 707 1 . 8  437 . 6  472 . 9  696 . 9. 99 1 . 0  1 347 . 5 1 700. 2  1 992 . 3  
5 2  644285 62 1 5 . 0 4 7 . 3 5 1 . 2  75 . 6  107 . 8  142 . 3 1 75 . 6  203 . 1  
53 644296 33404 . 4  99 . 0  1 07 . 0  1 58 . 1 225 . 2  300. 2 3i3 . 1 433 . 5  
5 4  644625 1 2 1 75 . 1 1 29. 1 1 39 . 5 206 . 0 293 . 3  392 . 4 489 .• 0 569 . 1 
55 644630 1 8428 . 0  1 55 . 1 167. 7 247. . 4 352 . 3  472 . 5  589 . 9  687 . 2  
56 644640 70244 . 9  564 . 3 609 . 7  898 . 4  1 277. 1 1 742 . 4 2204 . 0  2586. 5 
57 644643 1 887 . 5  26. 8  29. 0  42. 8 61 . 1  80 . 1  98 . 2 1 1 3 . 3 
58 64 4655 3237 . 6  4 3 . 2 46. 7 69. 0  98. 4 1 29 . 7 1 59 . 8  - 1 84 . 8  
59 644680 1 2746. 7 1 40. 0 1 5 1 . 3  223 . 4  3 18 . 0 425 . 9  53 1 . 3 6 1 8 . 5 
60 644720 2586 1 . 6  263 . 4 284 . 7  4 1 9 . 8  597 . 4  806 . 8  1 0 1 2. 7  1 1 83. 3 
6 1  644749 45878 . 7 432 . 0 466 . 8  688 . 0  978 . 4 . 1 330. 2 1 678� 1 1 966 . 3 
62 644800 1 78 1 7 1 . 5  248 . 2 268 . 2  · 395. 6 562 . 9  759 . 7  953 . 0  1 1 1 3 . 1 
63 644925 1 76023 . 1  652 . 0  704 . 5  1037 . 8 · 1 475. 1 20 1 6 . 3 2554 . 7 3000 . 0  
64 644970 1 7730 . 8  1 85 . 8 200 . 8  296 . 3 . . 42 1 .  8 . 567 . 0  709 . 3  827 . 1 
65 644975 35385 . 3  3.32 .  7 359 . 6  530 .. 1 754 . 1 1 02 1 . b 1 285 . 4  1 503 . 9  
66 645225 1 64 75 . 3 2 1 3 . 4 230 . 6  340 . 2  484. 1 652 . 1 8 1 6 . 8 953 . 2  
67 6453 1 5  50 1 6 . 2 bO. O  6 4 . 9  95. 9  136. 6 1 80 . 9 223 . 7  . 259 . 2 
68 645325 69689 . 1 . 920 . 4 994 . 5 1 4b4 . 3 2080. 5 2857 . 0  363 1 . 7  4274 . 0  
69 647 1 05 77280 . 7  278 . 8  30 1 . 3 444 . 4 632 . 2 854 . 5  1 073 . 3 1 254 . 4 
70 647 1 40 3699 1 . 6 . 73 . 9 79 . 9  1 1 8 • . 0 1 .68 . 2 . 223 . 3  276 . 8  321 . 0  
7 1  647 1 75 272 77 . 1 1 26 . 6 1 36 . 9  202. 1 287 . 8  384-. 9 479 . 6  558 . 0  
7 2  64 7220 1 93900 . 5  583 . 6 630 . 6  929 . 0  1 3 20 . 7 1 802 . 7  228 1 . 0  2677 . 4  
7 3  647225 2 3 1 3 63 . 5  672 . 2 726 . 3 1 069 . 9  1 520 . 7 2079 . 6  2635 . 1 3095 . 6 
74 647335 275 1 0  .. 5 8 5 . 8 92 . 8 1 37 . 0  1 95 . 2  259 . 8  3 22 . 4  374 . 3 
75 647340 1 832 1 . 3  75. 4 8 1 . 5  1 20 . 4  1 7 1 . 6  228 . 0  282 . 6 327 . 8  
76 647380 40859. 9  1 05 . 2  1 1 3 . 7  1 67 . 9 239 . 2  3 1 9 . 2 396 . 9 46 1 . 4  
77 647382 1 635 1 9 . 1 299� 3 323. 5 477. 0 678 . 6  9 1 8 . 0  1 1 53 . 8  1 349 . 2" 
78 64 7385 30395-. 5 . 69. 7  75 . 4  1 1 1 . 4  1 58 . 7 2 1 0 . 6 260 . 8 302 . 4 
11:1 64na8 33838 . 6  . 82. 2 88. 9 1 3 1 . 3 1 87 . 1 248 . 8  308 . 7  358 . 3 
� so 641555 2586 1 . 6  · s6 . 1 60 . 6  89 . 6 1 27 . 7 1 69 . 0  208 . 8  24 1 . 8 
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Tab l e  B-3 .  (Cont i nued } 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - -
n o .  Stat i on QP"AX Est i aated Fl ood Peaks 
no .  2-Y r .  2 . 33-Yr ; 5-Yr . 1 0-Yr . 25-Yr . 50-Yr . 1 00-Yr . 
( c fs )  k f s )  (c f s }  (cf s }  ( [: f s )  ( c f s )  ( c f s }  · ( c f s) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - -- - -- - - -
8 1  64 7585 29308. 3 66 . 3  7 1 . 7  1 05 . 9  1 50 . 9 200. 1 247 . 7  287 . 1 
82 6477 1 4  3261 7 . 7  1 03 . 4  1 1 1 . 8 1 65 . 1 235 . 1 31 3 . 6  390 . 0  453 . 3 
83 647740 2355 . 0  1 7 . 7 1 9 . 1 28 . 3  40 . 4  52 . 7  64 . 4  74 . 0  
8 4  647805 2 1897 . 2  1 05 . 0  1 1 3 . 5  1 67 . 6  238 . 7 3 1 8 . 5 396 . 1 4 60 . 3 
85 647820 7005 . 2  37 . 3  40. 3 59 . 6  84 . 9  1 1 1 . 8  1 37 . 6  1 58 . 9  
8 6  647825 20932 . 9  72 . 3  78 . 2  1 1 5 . 5  1 64 . 5  2 1 8 . 4  270 . 6  3 1 3 . 9  
8 7  647826 1 697 1 7 . 8 557 . 2  602. 2  887 . 2  1 26 1 . 3  1 720. 5  2 1 76 . 0  2553 . 5  ' 
88 647828 1 00339 . 8  425 . 9  460. 3 678 . 4  964 . 8  1 3 1 1 . 3  1 654 . 1 14138 . 0  
89 647830 258000 . 2  733. 9 793 . 0  1 167 . 9  1 659 . 9 2272 . 5  2882 . 2  . 3387 . 5  
90 647840 23243 . 7  l 1 7 . 5 1 27 . 1 1 87 . 6  267 . 2  357 . 0  444 . 5  5 1 6 . 9  
41 1  647863 3 1 1 57 . 4  80. 5 87. 1 1 28 . 6 1 83 . 2 243 . 6  302 . 2  3 50. 7 
92 647865 18587 . 7  89. 6  96. 8 1 43 . 0  203. 7 27 1 . 2  336 . 7 3 9 1 . 0  
9 3  647880 60840. 7 820. 5 886. 5 1 305 . 5 1855. 2 2543. 7 3229 . 7 3798. 4 
94 647882 1 5752 . 2  257. 6 278. 4 4 1'0. 6 584 . 2  788 . 8  989 . 9  1 156. 5  
95 647884 92644 . 9  1 222. 4 1 320. 7 1 9 43 . 9  2761 . 0  3805. 9  485 1 . 7  57 1 9 . 1 
96 647895 29626 . 8  477 . 2 5 15 . 7 760 . 0  1 080 . 6 1 47 1 . 0  1 857 . 6  2 1 17 .  q 
97 647902 29445. 0 1 3 1 . 4  1 42 . 0  209. 7 298 . 6  399 . 5 498 . 0  579 . 6  
9 8  647920 1 69058 . 7  394 . 2  426 . 0  628 . 0  893. 1 1 21 2 . 7  1528 . 4  p�o.o  
99 647924 27 1 5 . 4  23. 0 24 . 8  36. 7  52. 4  68 . 6 ' 84 . 0  96. 7 
1 00 647926 36655. 6  1 48 . 0  1 60 . 0  236. 2 336. 3 450. 7 562 . 5  655 . 1 
1 0 1  647935 1 1 901 . 6  68. 1 73. 6  108 . 7  1 54 . 9  205 . 5  254'. 5  295 . 0  
1 0 2  647955 33665 . 1 1 09 . 4  1 1 8 . 3  . 1 74 . 6  248. 7 332 . 0  4 1 3 . 0  480. 2 
1 03 647975 98652 . 8  1 099. 1 1 1 87. 5 1 748 . 2 . 248
'
3 . 3 34 1 8 . 2 4 352. 9  51.28 . 0  
104 647980 1 56749. 2 1 683. 4 1 8 18. 6 2675 . 7  3799 . 0  5259 . 0  6725 . 8 7942 � 8  
1 05 64798 1 3322. 8 59 . 4  64. 2 94 • . 9 1 35 . 2  1 79. 1 22 1 . 4  256 . 5  
1 06 64 7990 49235. 7 609 . 8  658 . 9  970. 7 1 379 . 9  1884 . 6  2385 . 7  2801 . 0  
1 07 64 7995 25 1 43. 8 332 . 7 359 . 5  530. 1 754 . 0  102 1 . 5  1 285 . 3  1 503 . 8  
1 08 648072 851 9 . 6  47 . 5  5 1 . 4  76 . 0  108. 3 1 43 . 0  1 76. 5 204 . 2  . 
1 09 648260 1 54 1 4 . 9  249. 3 269 . 5  397 . 5  565 . 6  763 . 3 957 . 6  1 1 18. 5 
1 1 0 b48287 3 1 5 1 . 9 · 70 . 2  75 . 8  1 1 2 . 0  1 59 . 7  2 1 1 . 9  262 . 4  304 . 3 
1 1 1  648555 22399. 1 427 . 3  46 1 . 8  680 . 6  967 . 9  1 3 1 5 � 7 1 659 . 6  1 9 44 . 5  
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T ab l e  8-4.  Est i aat ed Fl ood Peaks Usi ng FHWA 5-Par iaeter Kethod 
- - --- -- ------------ ---- -- -- ----------------- - -- - ----- --- ----- --- - - ----- -- - -
no . Sta t i on QP"AX Est i aated Fl ood Peak s  
r.o.  2-Yr . 2 . 33-Vr . 5-Yr •· 1 0-Yr . 25-)'r . 50-Vr . 1 00-Vr . 
( c f s l  ( c f s }  h : fs >  ( c fs )  (c fs)  ( c f s )  ( c f s )  ( c f s l  ---- - - - - - - ---- -- - - -- - - - - - - ------ - - - - - - - - - - - - - - ---- -- ---- - - - - --- - --- - - - -- -- - -
1 528995 2595b . S 3 1 9 . 7 345. 5 509 . 5  7'"' '  � .£ 1 . 1  98 1 . 3  1 234 . 2 1 4 43 , 7  
2 521f2b(l 4 29� 1 . 6  1 79 . 2  1 93 . 7  2B5. 9 4 0t. , q 546 . 8  683 . 7 7 97 . 1 
3 635540 203 1 6 . 3 222 . 9  240 . 9  355 . 3  5(15 . 6  68 1 . 4 853 . 9 99b . S 
4 635b 1 5  1 2686 . 9  1 39 . 2  15(1 . 5  222 . 1 3 1 6 . 2 4 23 . 4  528 . 1 6 1 4 . 8 
5 635852 3065 . 8  49 . 3 53 . 3  78 . 8  1 1 2 . 3 1 48 . 3 1 83 . 1 2 1 1 . 9 
6 635854 562�. 7 27 . 9  30 . 2  44 . 7  63 . 8 83 . b  1(12 . b  1 1 8 . 3 
7 635855 1 1 962 . 5  1 3 1 . 2  1 4 1 . 9  2(19 . 4  298 . 2 399 . (1 497 . 3  578 . 8  
8 63586(1 1 6364 . 7  1 35 , 3 1 46 . 2 2 1 5 . 8 307 . 3  4 1 1 . 4 5 1 3 . (1 597 . 1 
9 635930 1 0027 . 1 1 24 . 6  1 34 . 7  1 98 . 9  283. 2 378 . 7  47 1 . 9 54 9 . (1 
1 0  635985 257 1 8 . 6  259 . 0  28(1 , (1 4 1 2 . Q  rn� r .so l . �' 7'13 . 3 995 . 6  1 1 63 . 2  
1 1  636(\35 1 50 1 8 . 5 1 57 . 5 1 7(i , 3 251 . 3  357 . 7  4 79 . 9  599 . 3  693 . 1 
1 2  636 1 02 1 03952 . 7  387 . 2  4 HL 5  o l b . B 877 . 3  1 1 9 1 . (1  1 50(i . B 1 7�· 7  . 4  
1 3  639b20 5772 . 9  58 . 8  63. 6 94 . 0  1 34 , (1  1 77 . 4  2 1 9 . 3 254 . 1 
1 4  639630 1 084 . 7  1 6 . 7 1 8 . (1 26 . 7  38 . 1  4 9 . 6 6(1. 5 69 . 6  
1 5  639635 2 1 70 . 5  28 . 4  30. 7  45 . 4  64 . 8  85 . 0 1 04 . 3  1 20 . 3  
1 6  639930 23686 . 8 1 89. 8 205. 1 302 . 6  43(1 . 8  579 . 3  7 24 . 7  845 . 2  
1 7  639970 397b3 . 3 360 . 9  39(1 . (1  575 . 0 8 1 7 . 8 1 1 09 . 2 1 39b . 7  1634 . 9 
1 8  640(19(i 1 1 656. 9 1 1 4 . 3  1 23. 5 1 82 . 4· 259. 7 346 . 9  4 3 1 . 8  502 . 1 
1 9  6402 1 0  24029 . 4  1 99 . 7  2 1 5 . 8 3 1 8 . 4  453 . 2 609 . 9 763 . 4  890 . 6  
2 0  640400 1 94926 . 0  1 4 1 7 . 6  1531 . 5 2253 . 8  3200. 6 4420 . 5  5643. 7 6658 . 3 
2 1  64050(1 98934 . 9  659 . 2 7 1 2 . 3  1 049 . 3 1 49 1 . 4  2039 . 0  2583 . 3  3034 . 3  
22 6406 1 (1  22449 . 0  1 94 . 5  2 1 0 . 2 3 1 0 . 1 44 1 . 4 593. 8 743 . ! 866 . 7  
2 3  640675 �b444 , 9 270 . 3 292 . 1 4 30 . 8  6 1 3 . (; 828 . 2 1 039 . 8  1 2 1 5 . 2 
24 640680 4 3020 . 9  340 . 6  368. 1 542 . 8 772 . 0 1 046 . 3 1 3 1 6 . 7 1 54 0 � 8  
2 5  640885 3504 3 . 7 296 . 1 320 . 0  47 1 . 9  67 1 . 3  903 . 1 1 1 4 1 . 3  1 334 . 4 
26 64089(1 2903(1 , (1 230 . 8  249 . 4  367 . 9  523 . 5  7(15 , 8  884 . 8 1 033 . 0  
2 7  640900 228348 . 9  1 773. 7 1 9 1 6 . 1 28 1 8 . 9 4002 . 1 5544 . 1 7094 . 1  8380 . 2 
28 642 1 75 1 1 534 . 0  1 04 . 4  1 1 2 . 8  l bb . b 237 . 3  .3 1 6 . 6  393 . 7  457 . 5  
2 9  64 2250 252289 . 0  1 747 . 7  1 888 . 0  2777 . 6  �94 3. 6 54 b 1 . 9 6987 . 9  8254 . (1 
30 M n4 o  38n . 9  53 . 8  58 . 2 86 . (!  1 22 . 6  1 62 . 1 200 . 2  231 . 8  
3 1 64322(1 51 1 78 . 1 4n. b 47 9 . 4  7(1b . 5 1 004 . 6  1 366 . 3 1 72� . 1 2020 . 5  
32 64 3273 3066�· . 2  269 . 7  291 . 5  429 . 8  61 1 . 6 826 . 2  1 037 . 4  1 2 1 2 . 3  
33 643480 20264 . 6  2 1 (1 .  3 227 . 3 335 . 3  477 . 2  642 . 6  8(14 . 8  939 . 1 
34 64lb5(i 1 96969 . 9  1 684 . 8  1 820. 1 2677 . 9  3802 . 2  5263 . 5  673 1 . 6  7949 . 7  
35 643677 2 1 70 . 5 37 . b  40. 6 6(1 . 1 85 . 7  1 1 2 . 8  1 38 . 8  1 60 . 4  
3 6  6437 1 0  1 0409 . 6  1 14 . 9 1 24 . 2 1 83. 3 2b1 . 1  348 . 7  4 34 . 1  504 . 8  
37 643905 5473 . 4  7 1 . 7  77 . �  . 1 1 4 . 5  1 63 . 2  2 1 6 . 6  268 . 4  31 1 . 2  
38 64 3906 1 293 . 4 26 . 2  28. 3 4 1 . 8  59 . 7  78. 2  95. 9  1 1 0 . 5  
39 b43908 27696 . 7 "275. 9 . 298 . 1 439 . 7  625 . 6 845 . 4  1 06 1 . 7 1 24(1 . 8  
4 0  6439 1 (1 1 30 1 02 . 8  1 1 67 . 1  1 260. 9 1 856 . 0  2blb.4  363 1 . 8 4627 . 7  5453. 6  
� 
,�# � � 
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Tab l e  B-4 . ( Cont i nued}  
- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - ---- - - - - - - - -- - - - - - - - - - -
no .  St at i on QP"AX Est i aated fl ood Peaks 
no . 2-Yr . 2 . 33-Yr . 5-Yr . 1 0-Yr . 25-Yr .  50-Yr . 1 00-Yr . 
( c f s) < c:fs )  · ( c: fs )  (cfs )  (cfs )  ( c fs ) ( cfs )  kfs )  
- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -
41  644070 28896 . 9  326 . 9  353. 3 520 . 9  74 1 . 0 1003 . 6  1 262 . 6 1 477 . 0  
u 644 1 2(1 3905 . 9  62 . 1 67. 1 99. 2 1 4 1 . 3  1 87 . 2  231 . 6  268 . 4  
43  644 1 53 10473. 0 89 . 2  96. 5 1 42 . 5  203 . 0  270 . 2  335 . 5  389 . 6 
44 644 1 58 36 1 49 . 4  348. 0  376. 1 554 . 4 788 . 6  1 069 . 1 1 345 . 7 1 5 74 . 9  
4 5  644 1 65 64939 . 0  348 . 8  376. 9 555. 7 790 . 4  1 07 1 . 5  1 348 . 8  1 578. 5 
46 644 1 67 4068 . 8  1 21 . 2  1 3 1 . 0  193. 4 275 . 4  368 . 1 458 . 4  533 . 3 
47 644 1 75 207 7 . 0 9 1 . 6  99. 0 1 46. 2 208 . 3  277 . 4  344 . 5  400. 1 
48 644205 1 2925 . 6  1 42 . 1 1 5 3 . 6  226 . 7 322 . 8  432 . 4  539 . 5  628 . 1 
49 644235 1 5377 1 . 7  1544 . 2 1 668. 2 2454 . 7 3485 . 6  48 1 9 . 7 6 1 58 . 6  7269 . 3 
50 644238 2979 . 0  53 . 3  57 . 7  85 . 2  1 2 1 . 5  1 60 . 6 1 98 . 4  229 . 7 
5 1  644240 4707 1 . 8  595 . 5  643. 5 948 . 0 1 347 . 7  1 840 . 0  2328 . 7  2733 . 7 
52 644285 62 1 5 . 0  4 1 . 3  44 . 7  66. 1 94 . 2  1 24 . 2 1 53 . 0  1 76 . 8  
53 644296 33404 . 4  1 1 7 . 9  1 27 . 5 188 . 2 268 . 0  358 . 2  446 . 0  5 1 8 . 7 
54 644625 1 2 1 75 . 1 1 34 . 5  1 45 . 4 2 1 4 . 6  305 . 6  409. 1 5 1 0 . 1 593 . 7  
5 5  644630 1 8428 . 0  186 . 3 201 . 4  297 . 1 422 . 9  ·568. 5 7 1 1 . 2  829 . 3  
56 644640 70244 . 9  6 1 4 . 3  663 . 8  977 . 9  . 1 390. 1 1898 . 7  2403 . 7 2822 . 3  
57 644643 1887 . 5  29. 4  31 . 8  47 . 0  67. 0  87. <1  1 08 . 0  1 24 . 6  
58 644655 3237. 6  80. 4 87 . 0  1·28 . 4  1 83 . 0  243 . 3  301 . 8  350 . 2  
59 644680 1 2746. 7 1 67 . 2 1 80. 8 266 . 7  379 . 7 509 . 8  637 . 0  742 . 3 
. 60 644720 2586 1 . 6  297 . 9  322 . 0  474 . 8  675 . 5  9 1 3 . 8  1 1 48 . 5  1 342 . 9 
6 1  644749 45878 . 7  472 . 9 51 1 . 1 753 . 1 1070 . 9  1 457 � 6  1 840. 5  ·. 2 1 57 . 8 
62 64 4800 1 78 1 7 1 . 5  1 9 1 . 8  207 . 3  30� . 8  435 . 3  585 . 4  7 32 . 5  854 . 3  
63 644925 1 76023 . 1 359. 1 388 . 1 572 . 1 8 1 3 . 8  1 1 03. 6  1 389 . 7  1626 . 6 
64 644970 1 7730 . 8  229 . 4 248 . 0  365 . l  520 . 5  701 . 7  879 . 6  1 026 . 9  
65 644975 35385 . 3  385. 8  4 17 . 0  6 14 . 6  874 . 1 1 1 86. 6  1 495. 3  1 750 . 9  
6 6  645225 1 6475 . 3  244 . 0  263 . 7 388 . 9  553 . 4  746 . 6  936 . 5  1 093 . 7 
67 6453 1 5  50 1 6 . 2  1 1 5 . 4  1 24 . 8  1 84 . 2  262 . 4  350 . 5  436 . 3 507 . 4 
68 645325 69689. 1  962 . 2 1039 . 7  1530 . 7  2 1 74 � 8  2988. 2  3800 . 3  4473 . 5  
69 647 1 05 77280. 7 473. 8 5 1 2 . 0  754 . 5  1072. 8  1 460. 3 1844 . 0  2 1 6 1 . 8  
70 647 1 40 3699 1 . 6  40. 7 44 . 1  65 . 1 92. 9  1 22 . 3  1 50 . 7  1 74 . 2  
7 1  647 1 75 27277 . 1 263. 6 284. 9 420. 2 597 . 9  807 . 5  1 0 1 3 . 6 1 184 . 4  
7 2  647220 1 93900. 5 779 . 3  842 . 1 1 240 . 1 1 762. 3  24 1 4 . 8  3064 . 4  3602 . 9  
7 3  647225 23 1 363 . 5  808 . 5 873. 6 1286 . 6  1 828 . 2  2506. 3  3 1 8 1 . 8  374 1 . 7  
74 647335 275 1 0 . 5  40. 0 43 . 3  64 . 0  9 1 . 2  1 20 . 1 
1 48 . 0  1 7 1 . 0  
75 647340 1 832 1 . 3  46. 6  50 . 4  H . 5  106 . 2  1 40. 1 
1 72 . 9  200 . 0  
76 647380 40859 . 9  1 36. 9 1 48 . 0  2 1 8 . 5  31 1 . 1  4 1 6 . 5  
5 1 9 . 4 604 . 6  
7 7  647382 1 635 1 9 . 1 1 86 . 3  201 . 4  297 . 1 422 . 9 568 . 5  7 1 1 . 1 829 . 3 
78 647385 30395 . 5  . . 5 1 . 5  55 . 7  82 . 3  1 1 7 . 3  
1 55 . 0  1 9 1 . 4  2 2 1 . 6  
79 647388 33838. 6  .97 . 3  105. 2 1 55 . 3  22 1 . 3  2
94 . 9  366 . 5  4 25 . 8  
80 647555. 25861 . 6  80. 3 86 . 8  1 28 . 3  1 82 . 8
 243 . 0  30 1 . 4  349 . 7  
� 
� f'� 
� 
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Tabl e  B-4 . (Con t i nued ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----- - - - -- - - - - - -- - - - - - - - -- - - - - - - - - - - - - - - - - - - - -
no.  Stat i on OPMAX Estiaated Fl ood Peaks 
no.  2-Yr . 2 . 33-Yr • . 5-Yr . 1 0-Yr . 25-Yr . 50-Yr . 1 00-Yr . 
( c f s l  ( c f -s }  ( c f s }  (c f s }  ( c f s l  ( c f s }  ( c f s }  . ( c f s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
81 647585 29308 . 3 92 . 3  99. 8  1 4 7 . 3 209 . 9  279. 6 347 . 3  403 . 3  
82 6477 1 4  3261 7 . 7  1 48 . 6 160 . 6  237 . 0  337 . 5  452 . 4  564 . 6  657 . 5  
83 647740 2355 . 0  19 . 5 2 1 . 1 3 1 . 2  44 . 5  58 . 0  70 . 9  8 1 . 6  
84 647805 2 1 897 . 2  157 . 4  1 70 . 2 25 1 . 1  357 . 6  479 . 6  598 . 9  697 . 7  
85 647820 7005 . 2  55. 1 59. 6  88 . 1 1 25 . 6  1 66 . 1 205 . 2 2 37 . 7  
86 647825 20932 . 9  9 1 . 2  98 . 6  145 . 7 207 . 5  27o. 3 343 . 2  398 . 6  
8 7  647826 1 697 1 7 . 8  651 . 7  704 . 2  1 037 . 4  1 474 . 5  20 1 5. 6  2553. 3 2998. 9 
88 647828 1 00339 . 8  668 . 4  722 . 2  1063 . 8  1 5 1 2 . 0  2067 . 6  26 1 9 . 8  307 7 . 4  
8 9  647830 258000 . 2  677 . 5  732. 1 1078 . 3  1 532 . 6  2096 . 1 2656. 3 3 1 20 . 6 
90 64784(1 2324 3 . 7 1 70. 8 1 84 . 6  272 . 4  387 . 8  520 . 8  650 . 9  758 . 6 
9 1  647863 3 1 1 57 . 4  92. 2  99 . 7  1 47 . 2  209 . 7 279 . 3 346 . 9  402 . 9  
9 2  647865 1 8587 . 7  1 35 . 3 1 46. 3 2 1 6 . 0  307 . 5  4 1 1 . 7  5 1 3 . 3 597 . 4  
93 647880 60840 . 7  1036. 4 1 1 19. 7 1 648 . 4  234 1 . 8  322 1 . 0  4099 . 3 482 7 . 5 
94 647882 1 5752 . 2  27 1 . 4  293. 3 432. . 6  61 5 . 5 83 1 . 6  1 04 4 . 2 1 220. 2 
95 647884 92644 . 9  1 350. 8 1 459. 4 2 1 47 . 7 3050 . 2 . 42 1 0 . 1 5372 . 4  6336 . 5  
9 6  647895 29626. 8  559. 5 604 . 6  890 ,; 8  1 266 . 4 1 727 . 7  2 1 85 . 2  2564 . 3  
9 7  647902 29445. 0 256 . 5  277 . 2  408 . 8  58 1 . 7  785 . 3  985 . 5  1 15 1 . 3  
98 647920 1 69058. 7 468 . 3  506 . 0  745 . 7 1 060. 4 1 443 . 1 1 822 . 0  2 1 36 . 0  
99 647924 2715 . 4 33. 2 35. 9  53. 1 75 . 8  99 . 6  1 22 . 4 1 4 1 . 4  
1 00 647926 36655 . 6  2 1 7 . 4  234 . 9  346 . 6  493. 2 664 . 4  832 . 4  97 1 . 6  
10 1  647935 1 190 1 . 6  67 . 0  72. 4 1 07 . 0  1 52 . 5  202 . 2 250 •. 3 290 . 2 
1 02 647955 33665 . 1 1 46 . 8  1 58 . 7 234 . 2 333 . 4 446 . 9  557 . 6  649 . 4  
103 647975 98652. 8  1 278. 5 1 381 . 2  2032 . 9 2887 . 2  3982 . 3  5078 . 9 �988 . 4  
1 04 647980 1 56749 . 2  1 843 . 0  1 990 . 9  2928 . q 4 1 58. 1 5763 . 0  7377 . 1· 871 6 . 4  
105 64798 1 3322 . 8  78. 1 . 84. 4 1 24 . 7 1 77 . 7 236. 1 292 . 7 339 . 7 .  
1 06 647990 49235 . 7 633 . 2  684 . 2  1 007 . 9  t432 . o  1957 . 5  2479 . 0  291 1 . 2  
107 647995 25 1 43 . 8  405 . 0 437 . 6  645. 1 9 1 7 . 4 1246 . 1 1 57 1 . 0  1 840 . 1 -
1 08 648072 851 9 . 6  57 . 9  62 . 6  92. 5 1 3 1 . 9  174 . 6  2 1 5 . 8 ·250 . 0  
109 648260 1 54 1 4 . 9  297 . 9  322. 0 474 . 8  675 . 4  9 1 3 . 7 1 1 48 . 4 1 342 . 8  
1 1 0 648287 3 1 5 1 . 9 . 80. 2 86. 7 1 28. 1 1 82 . 5  242 . 5  300 . 8  349 . 1 
1 1 1  648555 22399. 1 462 . 3 499 . 6  736. 3 1047 . 0  1 424 . 7 1 798 . 5 2 1 08 . 2  
Tab l e  B-5. Percent Devi at i on of the F l ood Peak s Est i aated By Bec ker ' s  
< U . S . G . S . l "etnod t o  Thit Esti aat ed B y  Pear son Type I l l  
-------------- --- --------- -------------- ---------- -------------------NUit 2 -YEAR 5-YEAR 1 0-YEAR 25-YEAR 50-YEAR 1 00-YEAR 
------------------------ ---- -------------------------- ------ ---- ---- -
1 -7 . 88 - 1 1 . 54 -1 1 . 36 -3 1 . 0 1 -45. ib -60 . 55 
2 66 . 63 47. 79 38 . 8 1 22 . 89 1 0 . 26 - 1 . 6 1 
3 59 . 1 5 42 . 8'1 3 5 . 66 22 . 72 1 4 . 20 6 . '12 
4 -85 . 29 - 1 43 . 63 - 1 69 . 56 -220 . 97 -200 . 80 - 299. 35 
5 5 1 . 52 37 . 52 35 . 0 1 27. 27 22 . 6 1  1 7 . 88 
6 -29 . 1 6 -67 . 73 -68 . 85 -9 1 . 05 -95 . 76 -95 . 55 
7 56 . 59 48 . 75 47 . 1 2 40. 75 36 . 20 3 1 . 1 9  
8 3 7 . 4 1  31 . 03 3 1 . 00 27 . 6 1 25. 8 1  24 . 42 
9 -34 . 07 -58 . 3 1 -40 . 76 -24 . 55 -5 . 63 -6 . 45 
1 0 68 . 80 56 . 47 49 . 67 36. 77 26 . 1 0 1 4 . 98 
1 1  55. 68 39 . 29 7 . 1 2 - 1 2 . 9 1  1 2 . 94 7 . 68 
1 2  -37 . 38 -96 . 48 -6 1 . 33 -80 . 97 -48 . 69 - 1 2 . 3 1 
1 3  -3 1 . 1 7 -90 . 55 -75 . 76 -4(l ,  24 - 1 1 . 29 1 0 . 42 
1 4  -72 . 77 -78 . 89 -68 . 49 -70. 32 -7 1 .  BB -74 . 62 
1 5 �8 . 63 40 . 2 1 39 . 53 35 . 59 34 . 1 7 3 1 . '17 
1 6 34 . 30 16 . 35 2 1 . 04 33 . 1 6 45 . 76 58. 04 
1 7  76 . 09 60 . 45 52 . 45 38 . 26 27 . 09 1 6 . 56 
1 8  -24 . 60 -38 . 1 5  -30. 1 9 -42. 25 -43. 22 -40 . 90 
1 9  -87 . 78 -25 1 . 68 -355 . 88 -535. 40 -67 2 . 42 -303 . 76 
20 8 . 60 1 9 . 76 24 . 69 27 . 88 2b. 26 24 . 67 
2 1 3 7 . 83 30 . 77 32 . 3 1 37 . 58 33 . 19 23 . 27 
22 -22 . 76 -96 . 99 - 1 2 1 . 93 - 1 5 1 . 97 - 1 62. 27 - 1 64 . 1 6  . .  
2 3  - 1 72 . 94 -239 . 84 -2b9 . b3 -25b . 59 -223 . 9 1  - 1 92 . 73 
24 -83 . 0 1  - 1 1 1 . 78 - 1 03 . 23  - 1 08 . 44. -69 . 95 -27. 58 
25 -2 . 45 -90 . 29 - 1 39 . 58 -223 . 4 1  -287 . 40 . -348 . 54 
26 -5 1 . 82 - 1 36 . 98 - 1 25. 22 - 1 56 . 96 · - t4q, 45 - 1 1 1 . 62 
27 -3. 53 -79 . 1 0  -84 . 55 - 1 0 1 . 64 - 75 . 1 9 -37 . 8 1 
28 -23 . 60 -30. 0 1 - 2 1 . 39 -20 . 40 - 1 8 . 89 - 1 6. 9 1 
29 1 5 . 44 4 . 82 a . n  1 0 . 35 1 3. 0 1  1 9 . 2 1 
30 - 38 . 85 -99 . 92 - 1 36 . 64 - 1 98 . 38 -247. 9o -303. 9 1  
3 1  39 . 43 35. 76 35 . 96 35 . 23 33. 79 33 . 84 
32 -36. 65 -47.  70· - 1 7 . 3 1 7 . 70 24 . 1 2 38. 53 
'7 "'!  ,),) 4 . 09 -39 . 6 1  -6 1 . 1 6 - 1 02 . 87 - 1 35. 24 - 1 6&. 45 
34 1 3 . 27 4 6 . 79 b3. 1 1  72 . 64 75. 09 79 . 78 
35 -46 . 29 -5 1 . 1 9 -36 . 67 -47 . 74 . -49 . 80 -5[, . 00 
36 -92 . 25 - 1 1 5 . 65 - 1 08. 56 - 1 28 . 87 - 1 40 . 20 - 1 52 . 06 
37 -68 . 0 1  -29. 50 -4 . 33 1 1 . 56 20 . 97 28 . 1 3 
38 - 1 72 . 76 -59. 1 7  - 1 2 . 7B 1 9 . 53 35. 0 1  4 5 . 65 
39 - 1 . 1 5 44 . 73 6 1 . 9(1 72 . 98 78. 35 82 . 4 1  
4 0  -29 . 38 -27. 48 -28. 30 -0. 72 1 2 . 09 23 . 98 
4 1  -24 . 1 5  2 1 .  6 1 . 4 4 . 46 59 . 94 67 . 72 73 . 99 
95 
T ab l e  B-5 . (Conti nued ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -NU". 2-YEAR 5 -YEAR 1 0-VEAR 25-YEAR SO-YEAR 100-YEAR 
- - -- - - --- - ---- - - - - --- - -- - - - - - --------- - -------- - - --- - - - - - - - - - - - - - ----
42 -2. 1 1  1 . 65 1 1 .  5(1 1 5 . 47 1 8 . 62 20. 85 
43 - 1 6 . 65 -2 1 . 59 - 1 2 . 1 6  -5 . 83 -0 . 56 4 . 78 
44 43. 73 56. 82 68 . 87 77 . 66 82. 45 86. 20 
45  27 . 99 70. 37 74 . 1 7 75. 50 75. 49 7 1 . 94 
46 33. 74 44 . 70 54 . 4 1  60 . 08 63. 66 66 . 35 
47  59 . 27 42 . 70 37 . 86 27 . 1 2 20. 06 1 1 . 97 
48 70 . 38 70 . 86 73. 34 74 . 27 75. 00 75. 76 
49 -0 . 69 -79 . 37 -98 . 68 - 1 12 . 92 - 1 1 3. 28 - 1 03 . 57 
50 -9 . 57 26 . 32 44 . 87 57 . 56 64. 5 1  69 . 52 
5 1  1 6 . 38 - 1 . 26 -5 . 99 - 18. 74 -28. 32 -35 . 2 1  
52 -56. 90 -89. 1 9  -58. 57 -51 . 04 -43. 0 1  -49 . 73 
53 -59 . 78 - 1 38. 72 - 1 70 . 2 1  -212 . 69 -239 . 30 -256 . 25 
54 53 . 33 35 . 86 27 . 08 10. 09 7 . 6 1 6 . 39 
55 39 . 67 22 . 95 1 1 . 09 6 . 88 0 . 92 -4 . 93 
56 45 . 29 50. 60 5 1 . 6 1 52 . 63 50 . 46 5 1 . 48 
57 23 . 90 32. 86 39 . 76 42 . 95 44 . 79 45 . 82 
58 43 . 65 40. 88 45 . 60 49. 50 45 . 84 53. 8 1  
5 9  5 1 . 22 43 . 02 40. 74 40. 69 45 . 60 . 5 3 . 99 
60 -25 . 94  -50 . 22 -36 . 58 -29. 74 . - 1 1 . 69 9. 57 
6 1  - 1 1 . 89 -83. 94 -52 . 84 -59. 79 -42 . 04 - 1 6 . 50 
62 9. 35 - 1 4 . 92 -25 . 66 -38. 27 -4 1 . 74 -41 . 45 
63 -4 . 34 -93 . 02 -93. 59 -101 . 1 7  -62 . 26 -1 36 . 38 
64 -8. 0 1 -6. 26 20 . 45 46. 34 59 . 90 69. 68 
65 - 1 0 . 84 -38. 30 - 1 7 . 09 -4 . 83 8 . 94 3 1 . 06 
66 -28 . 23 -94 . 0 1 -98 . 64 - 1 10. 95 -95. 78 -68. 65 
67 47 . 27 38. 98 42 . 04 44. 64 44 .  !i2 46. 56 
68 - 1 7 . 65 -54. 57 -33 . 40 -22. 1 3 · - 1 2 . 98 -3. 47 
69 -9. 9 1  - 1 6. 1 0  - 1 5 . 47 -33. 37 -46 . 07 -57. 30 
70 - 1 4 . 58 -35 . 3 1  -39 . 39 -60. 3 1  -73 . 3 1 -85 . 08 
7 1 1 1 . 60 1 . 1 9 3 . 05 -0. 58 -2 . 20 -2 . 58 
72  - 1 1 . 20 -52 . 05 -63 . 32  -4 1 . 1 2 -64 .  27 -84 . 94 
7 3  - 1 6 . 62 -59. 44 -50 . 56 -57 . 84 -38 . 95 - 1 1 . 1 9 
74 4 . 62 -58. 33 -6b . 03 -73. 25 -46. 67 - 1 3 . 08 
75 9 . 58 -3. 24 -3. 06 - 1 4 . 47 -19  • . 85 -25 . 55 
76 5 . 58 0 . 06 -2 . 4 1 4 . 6 1  1 5 . 96 3L 1 6  
7 7 - 1 . 04 - 1 6 . 72  - 1 0 . 26 - 1 4 . 1 5  -12 . 70 -9 . 32 
78 35. 22 20 . 43 10 . 28 -0. 28 -3. 26 -0. 53 
79 5 . 47 - 1 1 . 93 - 1 . 39 1 5 . 87 -9. 68 - 6 . 48 
80 - 1 . 73 - 1 4 . 70 - 1 3 . 87 2. 65 -2. 83 -4 . 86 
8 1  9 . 45 -4 . 94 3 . 36 -2 . 88 -6. 69 -8. 67 
82 1 . 39 -"6 • . 88 3. 45 10. 26 15 . 27 7 . 03 
Tabh B-5 . ( Cont i nued ) 
- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - ---- - - - ---- - - - - - - - - - - - - - - - - - - - - - - - -
NU". 2-YEAR 5-YEAR 10-YEAR 25-YEAR 50-YEAR 1 00-YEAR 
- ------ --- - - - - --- - --- - -- - --- - --- - - - ---------- - - - - - - - - - - - - --- - - - - --- - -
83 -33. 1 9  - 1 3. 46 -20 . 47 -2 . 82 -6. 89 -8. 70 
84 4 . 36 -27 . 63 . -4 . 55 -34 . 42 -55 . 4 0  -9 . 70 
85 36. 77 2 3 . 95 1 9 . 65 1 4 . 92 1 2 . 32 1 0 . 03 
86 -6 . 77 1 0 . 89 38 . 04 42 . 5 1  49. 45  57 . 46 
87 - 4 . 1 4  7 . 97 1 9 . 92 35. 31 4 1 . 6 1  4 7 . 19 
88 5 . 28 - 1 3. 1 2  -6 . 1 0  -8 . 27 -2. 1 6  4 . 7 1  
89 -8 . 19 -0. 25 1 2 . 87 1 1 . 92 1 6. 0 1  22. 35 
90 1 4 . 34 -3. 82 -6 . 70 -2 1 . 76 -26 . 49 - 3 1 . 05 
9 1  0 . 49 -5. 93 -9 . 9 4  -20. 70 -9 . 02 - 1 9 . 75 
92 -0 . 3 1  -36. 20 -46 . 1 8  -63. 18  -70 . 44 -74 . 74 
93 26. 70 20 . 09 2 1 . 43 1 8 . 08 1 5. 49 1 3 . 74 
94 - 1 . 5 1 - 18 . 85 -1 4 . 5 1  - 1 2 . 78 -9 . 56 -5. 03 
95 39 . 43 9 . 04 1 5 . 40 1 8 . 84 18 . 4 1  1 8 . 7 1  
9 6  58 . 22 49. 38 47 . 90 43. 4 1  4 1 . 25 4 0 . 39 
97 1 6 . 77 1 2 . 93 -3.84  -34 . 7 3 -53. 48 -72. 20 
98 32 . 36 2 1 . 24 1 3 . 56 6 . 6 1  -6. 99 - 1 1 . 59 
99 24. 40 2. 1 1  2 . 59 -10. 98 -6 . 75 -5. 45 
1 00 45 . 86 56. 21 60 . 96 62 . 45 62. 50 . 62 . 77 
1 0 1  33. 93 33. 20 37. 79 38. 92 . 40. 43 42 . 1 1  
1 02 -5. 64 -32 . 82 -63 . 37 -96. 1 0  - 108. 06 - 1 1 0 . 58 
1 03 29 . 94 44. 5 1  47 . 45 46. 54 43. 55 4 1 . 27 
1 04 25. 36 38. 63 40. 1 4  39 . 07 32 . 34 35 . 9·2 
1 05 45. 74  53. 9 1  58. 82 53. 43 51 . 94 48. 93 
106 1 4 . 39 60. 43  65. 24 65 . 69 65. 29 . 64 . 93 
1 07 -2 1 . 63 24. 04 40. 66 49. 29 53. 1 6  57 . 53 
1 08 -23. 1 7  -39. 83 -33. 96 -40 . 0 1  -38 . 28 -30 . 8 1  
1 09 63. 54 65. 96 68. 8 1 69 . 33 . 69 . 63 69. 84 
1 1 0  4 . 6 1 -39. 57 -58. 48 -94 . 5 1 -1 23. 40 - 1 53. 7 3  
1 1 1  86. 03 83. 70 83. 29 8 1 . 74 80 . 67 79 . 87 
97 
Tab l e  B-6 . Per cent Devi at i on of th� Fl�od Peak� Est i aat fd By FHWA 
l-Par aaeter "ethod to That Est i aated By Pear son Type I I I  
- --------- ------- - - - ------- --- - --------- --- ---- - - --- --- --- --- --------
NU". 2-YEAP. 5-YEAR 10-YEAR 25-YEAR 50-YEAR 1 00-YEAR 
- - ---------- ---------- ------------- -- - ----------- ----------- ---------
1 -99 . 24 -19. H -S . bO 2 . 1 5  5 . 5 1  1 1 . 90 
2 3 1 . 92 40. 1 1  39 . 1 8 4 1 . 29 41 . 24 43 . 8 1 
3 -29 . 32 -5 . 20 -7 . 06 -0 . (14 2 . (}7 S . Sb 
4 -3(19 . 29 -237 . 08 -250. 1 2  -234 . b4 -237 . 67 -224 . 52 
5 1 9 . 79 34 . 03 33. b4 39 . 89 40. 1 5  44 . 0(1 
b -65. 44 -32 . 3 1 -24 . 57 - 1 '3 . 37 -5. 4 2  7 . 59 
7 1 8 . 78 38 . 77 40 . 03 45 . 77 47 . 4 9 50 . 80 
8 -20 1 . 0 1  -1(17 . 55 -9(1 , 83 -62 . 7 9  -51 . 63 -36 . 03 
9 - 1 49 . 78 -90 . 45 -6 1 . 7 1  -1 6 . 38 1 0 . 7 1  21 . 46 
1 0  - 1 4 . 29 3 . 1 0  -2 . 05 - 1 . 52 -5. 4 S  -4 . 94 
1 1  -40 . 57 -2 1 . 1 8 -72 . 54 -69 . 62 - 1 8 . 1 1 -9 . 5(1 
1 2  -4 20. 85 -278. 3(1 - 1 BB . b9 - 1 07 . b5 -42 . 89 1 0 . 26 
1 3  -1 3 . 97 -2(1 . 86 - 1 2 . 75 .,., ., ,., ,_ ,_,\ , ,_\L 43. 55 59 . o2 
1 4  44 . (i7 5 3 . 2B 52 . 06 56 . 70 58 . 1 7  6 1 . 56 
1 5  1 1 . 99 39 . 98 43 . 22 . 5 1 . 56 54 . 78 58 . 99 
l b  - 1 8 . 32 -O . b l  9 . 78 37 . 79 54 . 6J 69 . 4 1  
1 7  59 . 6 1  56 . 94 5 1 . 54 50 . 1 2 48 . 22 49. 24 
1 8  -4b . 38 - 1 3 . 35 -5. 04 4 . 54 1 2 . 42 24 . 35 
1 9  -475 . 66 -443 . 43 -50 1 . 7 1  -51 3 . 1 1 . -535 . 86 -522 . 70 
20 -57 3 . 1 5  - 1 57 . 67 -87 . 65 -2 1 . 3 1 0 . 1 9  1 7 . 88 
2 1  -81 5 . 36 -�6b . 52 -257 . 1 2  -1 34 . 2 1 -109 . 93 -101 . 37 
22 -476 . 27 -368 . 3 1  -347 . 3 1  -276. 1 4  -238 . 1 6 - 1 88 . 43 
23 -67(i , BS -440 . 3'1 -332. 1 8  -198. 74 - U 1 . 36 -70 . 27 
24 -534 . (18 1\11:'11:' , .,  -L.JJ , , ..,I - 1 84 . 98 -108 . 5t· -42 . 44 1 1 . 78 
25 -32(1 . 58 - 283. '14 -3(16 . 03 -295 . 93 -301 . 1 4 . -286. 54 
26 -4 1 8 . 4 1 -302 . 74 -224 . (1 1 - 1 66. 55 · . -12'1 . 44 -56 . 83 
27 -b85 . 4S -485. 29 -305, 1 3 . -240 . 07 - 13b. 36 -49 . 1 5 
28 -25 . 07 8 . 03 1 5 . 23 30 . 2b 37 . 44 46. 1 6  
29 -7 1 b . 07 -293 . 29 - 1 88 . 38 -90 . 05 -47 . 69 - 1 0 . 20 
30 -49 . 28 -60. 78 -95. 27 - 1 1 4 . 09 - 1 35. 1 4  -145. 1 5  
3 1  -403 . 46 - 1 26 . 55 -76 . 66 -24. 35 -4 . 9'3 1 4 . 22 
'7 '1  
-764 . 2(l -316 . 99 - 1 68. 32 -47 . 93 - 1 . 70 32. (17 .. ,.a: 
33 -85 . 45 -78. 46 -96. 44 -1 00 . 86 -1 (19 , 0(i -105 . 65 
34 -327 . 1 4  -48 . (17 1 1 . b4 51 . 25 62 . 62 74 . 72 
.. I: ,) ,J  - 1 5. 34 9 . 46 1 4 . 42 18. 9 1  22 . 07 2b . 95 
3b .,1: 11:' 7  - ,  ,J ,  .,t ,.,\ -35 . 83 -30. 29 - 1 7 . 59 -H . :W - 1 . 53 
37 - 1 79 . 1 3  -44 . 30 - 1 5 . 5(1 1 � . 87 34 . (15 47 .04 
38 -223 . 57 -3B . 07 -0. 6 1  ·37 , (10 5 1 . 26 62 . 98 
39 -322 . 52 -39 . 58 1 2 . 87 5 1 . 1 0 65. 1 6  75 . 49 
40 -205 . 5 1  -63 . 54 -42 • . 9·9 18. 59 4 1 . 15 58. 35 , . 
4 1  - 1 6 1 . 1 6 �8. 54 ' 27. 2(1 57. 52 69 . 57 78 . 79 
98 
Tab l e  8-6 . <Cont i nued )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
NU" . 2-YEAR 5-YEAR 1 0-YEAR 25-YEAR SO-YEAR 1 00-VEAR 
- - -- - - - - -- - - - --- - - -- ----- - - -- - - - ---- - - -- --- ------ - -- ---- - --- -- -- - - ---
42 -2 . 59 26. 1 6  3 1 . 67 43. 44 48 . 88 55. 50 
43 - 1 46 . 50 -52 . 07 -28 . 82 4 . 30 1 8 . 89 33. 58 
44 - 1 1 4 . 46 1 0 . 20 43 . 4 1 69 . 45 79 . 30 86. 26 
45 -30 1 . 64 1 3 . 35 35 . 99 55 . 1 5  6 1 . 78 63. 28 
46 -5 5 . 55 1 8 . 62 35 . 47 53 . 92 6 1 . 70 68. 98 
47 1 0 . 37 1 7 . 74 1 1 . 75 1 3 . 52 1 1 . 9 1  1 4 . 25 
48 -2. 35 4 1 . 26 50 . 99 62 . 88 67 . 9 1  73. 1 7  
49 -4 1 1 . 24 -429 . 66 -409 . 93 -3 1 1 . 57 -250. 33 - 1 80. 37 
so -34 . 27 3 1 . 4 1 47. 00 64 . 07 7 1 . 42 77. 79 
5 1  - 1 87 . 87 - 1 1 7 . 78 - 108 . 64 -84 . 85 -76 . 00 -59 . 39 
52 - 1 73 . 46 - 104. 34 -60 . 88 -23. 73 -6. 40 2 . 35 
53 - 1 67 . 63 - 1 2 2 . 63 - 1 20. 75 -92 . 42 -80 . 25 -60 . 56 
54 28 . 29 32. 69 25. 37 23. 96 29 . 02 37. 05 
55 -1 1 . 67 5 . 1 2  - 4 . 4 7 1 0 . 72 14 . 4 1  20 . 94 
56 - 1 40 . 1 1  -3 2 . 1 1  - 1 6. 1 0  1 1 . 1 0 18. 67 3 1 . 75 
57 54 . 6 1 68 . 73 70. f9 75 . 06 77 . 05 79 . 70 
58 66 . 54 7 3 . 97 75. 1 0  80 . 20 80. 27 85. 09 
59 2 1 . 35 37 . 44 36. 65 47. 67 56. 45 67 . 79 
60 -260 . 82 - 1 79 . 89 - 1 38.95  -83. 78 -4 1 . 84 0. 1 4 
6 1  -574 . 98 -503 . 55 -332. 94 -24 1 . 95 - 163 . 02 -83 . 08 
62 - 1 79 . 78 -75 . 82 -54 . 22 -20. 20 -2. 04 15. 54 
63 -563 . 92 -508 . 66 -392. 34 -265. 28 -145 . 1 3  - 1 96. 27 
04 -332 . 1 0  - 1 64 . 57 -82 . 59 0. 70 33. 09 55. 77 
65 -273 . 83 -1 77 . 55 -1 1 2 . 42 -48. 06 -1 2 . 76 26. 99 
66 -249 . 76 -2 1 2 . 09 - 1 93. 42 - 143. 30 -99 . 2 1  -46 . 87 
67 -9 . 09 20 . 78 28 . 4 7 4 4 . 33 49 . 03' 56. 87 
68 -934 . 1 7  -6 1 7 . 79 -426 . 7(1 -258 . 9 2  . -183 . 95 - 1 1 8 . 62 
69 - 1 80 . 2 1  -59 . 84 - 35 . 9'6 -15 . 79 -7 . 43 3. 1 3  
70 - 1 1 0 . 54 -41 . 5 1  -27 . 2 1  -1 1 . 66 -5. 23 3. 59 
7 1  -78 . 36 - 1 5 . 47 -1 . 32 19. 1 4  28. 2 1  38. 4 1  
72 -263 . 82 - 1 55 . 23 - 1 25. 76 -39 . 20 -33 .. 86 -24. 1 8  
7 3  -297 . 28 - 1 75 . 04 -1 1 2 . 09 -57 . 42 -1 3 . 83 25. 23 
74  - 1 52 . 43 - 1 40 . 42 - 1 2 1 . 86 -79 . 1 6  -33 . 79 10. 87 
75  - 1 05 . 5 1  -37 . 65 -23 . 2 1  -7 . 03 0 . 50 9. 69 
7b -9 1 . 30 - 1 1 . 22 1 . 56 31 . 22 47 . 7 7 63 � 67 
77 - 1 23 . 86 -29. 26 0 . 2 1  27 . 1 4 40. 83 52. 83 
78 -5. 65 27. 2 1  28 . 1 9 39 . 1 4 45 . 55 54. 72 
79 -83 . 98 -2 1 . 25 4 . 54 40. 05 32. 1 6  43. 76 
80 -80 . 89 -26 . 1 9  - 1 3 . 0 1  23. 2(1 27 . 49 35. 34 
8 1  -4 1 . 04 2 . 86 20 � 1 6  33. 96 39 . 73 47. 02 
82 - 1 46 . 22 -52 . 84 �21 . 20 1 3 . 36 28. 3 1  
32. 35 
99 
Tab l e  B-6 . (Cont i nued )  
- - - - - - - - -- - - - ---- ----- --- - - - - -------- - - - - - --- - - - ----- - - ---- - - - - - - --- -
Nutt 2-VEAR S-VEAR 10-VEAR 25-YEAR SO-YEAR 1 00 -VEAR 
-------------------------------------------------------------- -- --- --
83 -26 . 4 3 29 . 1 7  26 . 48 47 . 84 49 . 72 5 4 . 57 
84 - 1 38 . 60 -82 . 1 5  . -32. 60 -3 1 . 59 -33 . 8(1 1 8. 8 1 
85 -49 . 0 1 - 1 0 . 29 -7 . 5 1 7 . 64 1 2 . 94 20. 93 . 
86 -24 4 . 26 -64 . 94 -0. 75 27 . 05 4 2 . 9 2  5 8 . 1 9  
8 7  -38 1 . 2 1  - 1 1 1 . 24 -49 . 09 1 4 . 40 36 . 00 52. 1 8  
88 -33 1 . 98 - 1 66 . 05 - 1 07 . 4 7  -54 . 09 -22 . 52 4 . 53 
89 -4 1 6 . 82 - 1 30 . 82 -59 . 60 - 1 2 . 50 1 2 . 40 3 3 . 7 1  
90 - 1 6 1 . 2 1  -80. 38 -63 . 90 -44 . 53 -32 . 29 - 1 8 . 02 
9 1  - 1 87 . 63 -71 . 47 -53 . 98 -29 . 58 -2. 78 2 . 59 
92 - 1 98 . 52 - 1 34 . 39 - 1 23. 84 -95. 1 0  -8 1 . 04 -60 . 9 1  
93 -747 . 6 1  -392 . 65 -31 1 . 34 -223 . 2 1  -188. 37 -149. 90 
94 -560 . 4 4  -351 . 1 7 -292. 08 -205 . 73 -166 . 1 0  -1 2 1 . 55 
95 -826 . 07 -619. 96 -456. 66 -296 . 86 -24 1 . 67 -187 . 39 
96 -202 . 04 - 1 04 . 85 -85 . 9 9 -55 . 66 -4 1 . 80 -23. 04 
97 -3 1 0 . 63 - 1 4 1 . 00 - 1 48 . 8 1  - 1 49 . 7 1 - 1 5 1 . 53 -14 4 . 55 
98 -2 1 2 . 87 -76 . 40 -54 . 52 - 1 7 . 74 - 1 1 . 57 3. 76 . 
99 -24 . 1 5  -2 . 07 2 . 9 1 8 . 60 18 . 48 28. 34  
1 00 -64 . 3 1 28 . 43 45. 1 4 60 . 46 65 . 9 1  7 1 . 27 
1 0 1  -33 . 4 6  2 L 79 34 . 07 49. 5 1  56. 27 · 63. 30 
1 02 - 1 48 . 62 -76 . 36 -89 . 84 -73 . 8 1  -60 . 7 2  -39 . 1 8  
1 03 -6 1 3 . 73 - 1 95. 30 -134 . 2 7 -:-76 . 20 -58 . 29 .-38 . 22 
1 04 -878 . 73 - 306 . 64 -224 . 70 - 1 40 . 1 4  - 1 24 . 1 9 -76 . 90 
1 05 -69 . 70 6 . 05 1 9 . 02 23 . 1 4 25 . 94 29. 72 
106 -68 1 . 79 -98. 1 1  -49 . 99 -1 2 . 85 0 . 60 1 4 . 34 
1 07 -578 . 9 1  - 1 43 . 1 5  -69 . 4 4  -1 2 . 63 8 . 1 9 . . 28 . 49 
l OB - 1 26 . 42 -58. 30 -40 . 69 - 1 8 . 20 �s� bb 1 2 . 38 
1 09 -1 1 4 . 95 - 1 7 . 24 2 . 82 24 . 43 .: 33. i)3 42 . 34 
1 10 - 1 69 . 8 1  - 1 54 . 64 - 1 80. 1 1  - 1 86. 32 ... 205. 1 7  ' :-207 . 40 
1 1 1  -26. 80 1 5 . 66 23. 1 8  34 . 22
. 38 . 08 4 4 . 28 
1 00 
Tab l e  lt-7 . Per c ent Devi at i on of the Fl ood Peaks Est i aatfd By FHMA 
5-Par aaeter "ethod to That Est i aabd By Pe�rson Type I I I  
- --- ----- - - - - - --- - - - -- ---- - - - - - - ---- - - - - - - ------ - - - - -- ---- - -- - ---- -- -
Nut t 2-YEAR 5-YEAR 1 0 -YEAR 25-YEAP. 50-YEAR 100-YEAR 
- - ------- - - - - -- -- -- - -- - - ------ -- - --- ---- -------------------- - - ------ -
1 -207 . 42 -84 . 59 -67. 37 -5 1 . 67 -47 . 1 1 -37 . 50 
2 35 . 5� 4�. 28 4 1 . 45 44 . 4 �  4 4 . 4 2  46. 86 
3 -47 . 58 -20 . (;4 -22 . 1 4  - 1 4 . 33 - 12 . 06 -4 . 37 
� -334 . 9:. -258 . 1 7  -272. 0(1 -255 . 84 -259. 28 -24 5 . 4 2  
5 6. 99 23. 5 1  23 . 07 29. (12 30 . 38 34 . 8(1 
6 -69 . 36 -35. 4 3  -27 . 5 1  - 1 6 . 08 -7 . 97 5 . 35 
.., 
14 . 7 9 35 . 7 7 37. 10  43 . 08 44 . 86 48. 32 I 
8 - 1 52 . 36 -74 . 05 -bO . Ob -36 . 23 -26 . 66 -1 3. 5 1 
9 - 1 89 . 85 - 1 20 . 99 -87 . 57 -35 . 27 -3 . 93 8 . 5 1 
1 (1  -23 . 94 -5. 06 - 1 0 . 64 -10. 1 8  - 14 . 57 -14 . 04 
I I  -47 . 22 -26 . 9 1 -80 . 68 -77 . 73 -23 . 82 -1 4 . 82 
1 1  -45(1 . 82 -3(10 . 03 -205 . 25 - 1 1 9 . 73 -51 . 29 4. 95 
1 3  -34 . 95 -4 3 . 08 -33 . 45 9 . (13 32 . 93 51 . 97 
1 4  30 . 5� 4 1 . 99 4(1 , A 8 4 b . 1 (l  4 7 . B 1  5 1 .  9B 
1 5  
n ,., �  25 . 54 29 . 57 39 . 74 43.63 48 . 8 1 - ., .  {. ,_\ 
l b  
-, n  r �. -.,o . .. •..:. - 1 7 . 76 -5 . 58 27 .(15 46 . 7 1  64 . (13 
1 7  4 9  . Hi 45 . 76 38 . '17 3b. '1S 34 . 4 3 35 . 63 
1 8 -75 . 80 -36 . 09 -26 . 08 - 1 4 . 87 -.5. 58 8 . 70 
1 9  -588 . 59 -549 . 85 -6 1 9 . 4(1 -634 . 78 -663 . 4 2  -648. 36 
2(1 -743. 8 1  -222 . 89 - 1 35 . 34 -s2 . n  -25.69 ... r r  -� • .S .J  
2 1  -989 . 64 -455 . 1 9  -324 . 9 1  - 1 79 . 32 . -150 . 80 - 140 . 82 
22 -620 . 29 -485 . 1 5 -458 . 77 -371 . 26 -324 . 62 -262.65 
23 -804 . 0 1  -533 . 56 -4Cib. b0 -250 . 92 - 1 72. 2 1 - 100 . 52 
24 -674 . 1 9 -334 . 20 -247 . 76 - 1 55 . 1 9 -74 . 63 -B • . 28 
'11:' -370 . 0 1  -328 . 99 -353 . 6 1 -342 . qs -349 . 32 ' -333. 24 £ .J  
26 -507 . 24 -37 1 . 64 -279 . 36 ' -2 1 5 . 1 0  -16.0. 24 ' -84 . 47 
27  -900 . 1 S  -689 . 62 -527. 29 . -36(1 . 4  7 -221 . 00 -102 .9 1  
28 -37 . 33 -0 . 9b 6 . 95 23. �5 31 . 1 7 40 . 73 
29 -8 1 5 . (1 1  -34 0 . 89 -223 . 24 - 1 1 3. 35 -65. 98 -23 . 93 
3(1 -73. 57 -86 . 9(1 - 1 26 . 95 - 1 49. 32 -174 . 25 -186. 1 7  
3 1  -398 . 42  - 1 24 . 28 -76 . 87 -23. (19 -3. 8b ' 15. 1 1  
':" ., ,,\J.. -7 1 7 . 2(! -294 . 34 -tS3 . 7b -39 . 8(1 3 . 94 35. 86 
... .. 
- 1 00 . 2 7 -92 .  ](i ·- 1 1 2 .  09 - 1 1 7 . 08 - 1 26 . 06 -1 22 . 53 . ,) ,)  
34 -365 . 4 3  -6 1 . 32 
� ., -� 
46. 83 59 . 2(1 72. 4\i . .) , J A.J  
35 -39 . 20 -9 . 24 -,;._, ,  ;,. :..\ 1 .  94 5 . 56 1 1 .  39, 
3o -79 . 46 -38 . 87 -33 . 2(1 -2(1 . 25 -13. 94 -3. 87 
37 -2(16. 42 -58 . 39 -24 . 57 1 1 . 94 27 . 47 4 1 . 7 1 
38 -30B . bb -74 . 3 1 -26 . 9'1 2(1 . 23 38 . 1 5 52 . 9b 
39 -359 . 00 -51 . 6 1  5 . 36 46 . 83 62 . 08 73 . 32 
4(1 -235 . 37 -79 . 5(1 -Sb. q 3  . 1 0 . 55 35 . 28 . 54 . 1 7 
4 1  -2 1 7 . 38 -3 1. 87 1 1 . 58 48 . 27 62 . 87 74 . 09 
1 01 
Tab l e  B-7 . (Cont i nued l 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
HUK. 2-YEAR 5-YEAR 10-YEAR 25-YEAR 50-YEAR 1 00-YEAR 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
42 -24. 1 5  1 0 . 67 1 7 . 35 3 1 . 4 1 37 . 90 45. 88 
43 - 1 62 . 46 -61 . 90 .;..37 . 1 4  - 1 . 97 1 3 . 53 29 . 1 6  
4 4  - 1 33 . 55 2 . 22 38. 39 66. 70 7 7 . 42  85. 00 
45 - 1 76 . 80 40. 25 55 . 84 69 . 2 1 73 . 8 6  74 . 94 
46 - 1 08 . 90 -9 . 24 1 3 . 4 1  37 . 93 48. 26 58 . 01 
47  - 1 8 . 93 -9 . 1 0 - 1 7 . 0 1  -1 5 . 09 - 1 7 . 57 - 1 4 . 63 
48 1 2 . 82 49 . 95 58. 2 4  68 . 44 72. 75 77 . 24 
49 -496 . 45 -510 . 63 -457 . 80 -375 . 3 1  -305 . 1 7  -224. 52 
50 -72 . 0 1  1 2 . 1 7  32 . 1 5 53. 86 63 . 20 7 1 . 37 
5 1  -29 1 . 79 - 1 96 . 2 6  - 1 83. 72  - 1 52 . 40 -1 4 1 . 07 - 1 18 . 70 
52 - 138 . 95 -78 . 59 -40 . 63 -7 . 96 7 . 29 1 4 . 98 
53 -2 1 8 . 74 - 1 65 . 08 - 1 62. 79 - 1 29 . 59 - 1 1 5 . 45 -92 . 1 1  
54  25 . 27  29 . 86 22 . 23 20 . 7 1 25 .97  34 . 32 
55 -34 . 1 2  -1 3 . 92 -25 . 42 -7 . 43 . -3. 1 9  4 . 59 
56 - 1 6 1 . 4 1 -43 . 8 1  -26 . 37 3 . 1 3  1 1 . 30 25. 53 
57 50. 20 65. 70 67 . 30 72 . 6 1  74 . 77 7 7 . 68 
58 37 . 64 5 1 . 53 53. 67 62 . 85 - 62. 74 7 1 . 76 
59 6 . 05 25. 28 24. 36 37. 38 47 . 79 . 6 1 . 34 
60 -308 . 1 4  -216 . 54  - 1 70. 20 - 1 08 . 1 6  -60 . 85 - 1 3. 32 
6 1  -638 . 95 -560 . 65 -373. 85 -274 . 72 - 1 88 . 49 - 1 00 . 9 1  
62 -1 1 6 . 1 9  -35. 91  -19. 25 7 . 37 2 1 . 58 35. 1 8  
63 -265 . 7 1  -235 . 57 - 1 7 1 . 63 -99 . 94 -33 . 37 -60 . 64 
64 -433 . 5 1  -226 . 55 - 1 25. 32 -22 . 88 1 7 . 02 45 . 09 
65 -333 . 52 -22 1 . 80 - 1 46. 24 -7 1 . 97 -31 . 1 6 . 1 5 . 00 
66 -299 . 92 -256 . 78 -235. 38 - 1 78 . 59 -128. 4 1  -68 . 53 
67 - 1 09 . 87 -52 . 24 -37 . 36 -7. 84 o· • .  6 i  1 5 . 58 
68 -98 1 . 1 1 -650. 36 -450. 57 -275. 4 f . - 197 . 1 3  - 1 28 . 82 
69 -376 . 1 7  - 1 7 1 . 4 1 - 1 30. 12 -97 . 88 . -84 . 58 -66 . 94 
70 - 1 6 . 06 2 1 . 92 29. 76 38 . 83 42 . 70 47 . 68 
7 1  -27 1 . 30 - 1 40. 1 1  - 1 1 0. 52 -69 . 64 -51 . 74 -30 . 72 
72 -385 . 86 -240. 69 -201 . 25 -86 . 47 -79 . 84 -67 . 1 1  
73 -377 . 86 -230 . 73 - 1 54 . 98 -89 . 73 -37 . 44 9 . 62 
74 - 1 7 . 68 - 1 2 . 20 -3. 63 1 7 . 1 6  38 . 6 1 59 . 28 
75 -26 . 97 1 4 . 89 23 . 78 34 . 2 1 39. 1 3  H . 9 1  
76 - 1 48 . 96 -44 . 68 -28 . 02 1 0 . 23  3 1 . 66 52. 39 
77 -39 . 33 1 9 . 49 37 . 8 1  54 . 88 . 63. 53 71 . 0 1 
78 2 1 . 98 46 . 22 4b . 93 55. 20 60 . 04 66 . 83 
79 - 1 1 7 . 67 -43 . 42  - 1 2 . 89 28 . 94 1 9 . 45 33. 1 6  
80 - 159 . 1 2  -80. 66 -61 . 73 - 1 0 . 4 4  -4 . 64 6 . 4q 
8 1  -96 . 37 -35 . 1 8  - 1 1 , 06 7 . 73 1 5 . 5 1 25. 59 
82 -253. 78 - 1 19 . 49 .,-]3 . 97 -24 . 97 -3. 78 1 . 86 
1 02 
Tabl e B-7 . ( Conti nued ) 
- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
NUK. 2-YEAR 5-YEAR 10-YEAR 25-YEAR 50-YEAR 1 00-YEAR 
- - - - ------ - - -- ---- -- -- --- - ---------- -- ---- ------- --- - ----- -- - - ---- - - -
83 -39 . 06 22. 1 1  1 9 . 1 6  4 2 . 57 44 . 59 49. 9 1  
84 -257 . 8 1  -1 72. 98 -98. 64 -98. 1 9  - 1 02 . 34 -23. 06 
85 - 1 20 . 53 -63 . 1 2  -58 . 94 -37 . 27 -29 . 90 - 18 . 24 
86 -334 . 47 - 1 08 . 09 -27 . 07 7 . 70 27 . 6 1 4 6 . 9 1  
87 -462 . 81 - 1 47 . 00 -74 . 29 -0 . 28 24 . 90 43. 84  
88 -577 . 84 - 3 1 7 . 1 8  -225 . 1 6  - 1 4 2 . 96 -94 . 06 -51 . 60 
89 -377. 1 1  - 1 1 3 . 1 1  -47 . 37 -3 . 77 19 . 26 38 . 93 
90 -279 . 56 - 1 6 1 . 95 - 1 37 . 93 - 1 1 0 . 84 -93. 7 1  -73 . 20 
9 1  -229 . 26 -96 . 25 -76 . 20 -48 . 54 - 1 7 . 98 - 1 1 . 90 
92 -35 1 . 1 5 -254 . 02 -237 . 92 - 1 96 . 1 5  - 1 75 . 96 - 1 45 . 86 
93 -970 . 62 -522 . 05 -41 9 . 25 -309 . 27 -266 . 0 1  -2 1 7 . 60 
94 -595 . 90 -375 . 36 -31 3 . 07 -222 . 32 - 1 80. 69 - 1 33 . 76 
95 -923 . 34 -695 . 46 -51 4 . 96 -339 . 0 1  -278. 34 -2 1 8 . 42 
96 -254 . 1 4  - 1 40 . 1 2  - 1 1 7 . 98 -82 . 82 -66 . 8 1  -44 . 88 
97 -70 1 . 42 -369 . 87 -384 . 72 -390 . 82 -397 . 74 -385. 79 
98 -27 1 . 65 - 1 09 . 48 -83 . 46 -40. 1 1  -33. 00 - 1 4 . 84 
99 -79 . 65 -47. 62 -40 . 36 -32 . 78 - 18 . 87 -4 . 7 1 
1 00 - 1 4 1 . 24 -5 . 02 1 9 . 54 4 1 . 72 49. 55' 57 . 39 
1 0 1  -31 . 33 23. 03 35 . 1 2 50. 32 56 . 98 63. 90 
1 02 -233 . 62 - 1 36 . 55 - 1 54 . 54 - 1 33 . 96 -1 1 6 . 98 -88 . 22 
103  -730 . 1 7  -243. 39 - 1 72 . 38 - 105. 27 -84 . 69 -61 . 4 1 
104 -97 1 . 50 -345. 1 2  -255. 39 - 1 63 . 1 5  - 1 45 . 90 -94 � 1 3  
1 05 - 1 23 . 08 -23. 45 -6 . 38 - 1 . 32 2 . 09 6 . 94 
. .  
106 -7 1 1 . 73 - 1 05. 68 -55. 72  - 1 7 . 22 -3. 29 1 0 . 97 
1 07 -726 . 44 - 1 95. 89 - 1 06 . 1 5  -37. 39 - 1 2 . 2 1  1 2 . 50 
108 - 1 75 . 83 -92 . 79 -7 1 . 30 -44 . 29 . :-29. 25 -7 . 30 
1 09 - 1 56 . 82 -40. 05 - 1 6 . 05 9 . 53 19 . 69 30 . 79 
1 10 -208 . 4 3  - 1 9 1 . 03 -220. 09 -227 . 77 . -249. 82 -252 . 65 
1 1 1  -37 . 20 8 . 76 1 6 . 90 28 . 77 32. 89 39. 59 
1 03 
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